(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



II 



(12) 



(11) EP1 102 327A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

23.05.2001 Bulletin 2001/21 

(21) Application number: 00124837.6 

(22) Date of filing: 14.11.2000 



(51) lntCl7: H01 L 29/78, H01L 29/786 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Takagl, Takeshi 


MC NL PT SE TR 


Kyoto-shl, Kyoto 616-8182 (JP) 


Designated Extension States: 


• Inoue, Aklra 


AL LT LV MK RO SI 


Kadoma-shl, Osaka 571-0074 (JP) 


(30) Priority: 15.11.1999 JP 32400999 


(74) Representative: Grunecker, Kinkeldey, 




Stockmair & SchwanhSusser Anwaftssozietdt 


(71) Applicant: Matsushita Electric Industrial Co., Ltd. 


Maxim II lanstrasse 58 


Kadoma-shl, Osaka 571-8501 (JP) 


80538 Munchen (DE) 



(54) Field effect semiconductor device 

(57) A HDTMOS includes a Si substrate, a buried 
oxide film and a semiconductor layer. The semiconduc- 
tor layer includes an upper SI film, an epitaxially grown 
Si buffer layer, an epitaxially grown SiGe film, and an 
epitaxially grown Si film. Furthermore, the HDTMOS in- 
cludes an n-type high concentration Si body region, an 
n - Si region, a SiGe channel region containing n-type 



low concentration impurities, an n-type low concentra- 
tion Si cap layer, and a contact which is a conductor 
member for electrically connecting the gate electrode 
and the Si body region. The present invention extends 
the operation range while keeping the threshold voltage 
small by using, for the channel layer, a material having 
a smaller potential at the band edge where carriers trav- 
el than that of a material constituting the body region. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a semiconduc- 
tor device that functions as a DTMOS or a M ISFET hav- 
ing a heterojunction active region. 
[0002] In recent years, portable information terminal 
units driven by a battery are widely used. In such units, 
there is a strong demand for reducing the power supply 
voltage without compromising high speed operations in 
order to prolong the battery lifetime. Reducing the 
threshold voltage is effective in realizing high speed op- 
erations. In this case, however, the leakage current at 
the time when the gate is off becomes large, so that it 
is inevitable that there should be a lower limit for thresh- 
old voltage. 

[0003] As a device that can solve this problem and 
has a small leakage current at a low voltage and high 
driving ability, a device called DTMOS (Dynamic 
Threshold Voltage MOSFET) has been proposed, as 
disclosed in, for example, a literature "A Dynamic 
Threshold Voltage MOSFET (DTMOS) for Ultra-Low 
Voltage Operation", by F. Assaderaghi et. al., I EDM 94 
Ext. Abst. P.809. 

[0004] Figures 1 and 2 are a cross-sectional view and 
a plan view schematically showing a conventional DT- 
MOS structure, respectively. As shown in Figure 1 , the 
conventional DTMOS uses a SOI substrate including a 
p-type silicon substrate (p~ Si Sub), a buried oxide film 
layer (Buried Oxide) and a semiconductor layer, which 
serves as a substrate active region. The conventional 
DTMOS further includes a gate insulator film (Si0 2 ) on 
the substrate active region, a gate (n+ poly-Si), source 
and drain regions (n + layer) in regions on both sides of 
the gate of the substrate active region, a channel region 
(a surface portion of the p layer) in a region between the 
source and drain regions of the substrate active region. 
A substrate region below and on the sides of the channel 
region (body) is connected to the gate electrode by wir- 
ing for electrical short-circuit. When a bias voltage Vg is 
applied to the gate while the gate is tied to the body, a 
forward bias voltage having the same magnitude as that 
of the gate bias voltage Vg is applied to the channel re- 
gion via the body. Thus, this DTMOS has the same state 
as that of a regular MOS transistor at the time when the 
gate bias is off, and the body is biased in the forward 
direction as the gate bias voltage Vg is increased at the 
time when the gate bias is on (this occurs because the 
energy levei of the conduction band edge of the channel 
region is decreased in the n-channel type MOS transis- 
tor shown in Figure 1 . Therefore, the threshold voltage 
Vt drops. 

[0005] When such a DTMOS is compared with a reg- 
ular MOS transistor (transistor where the gate and the 
body are not short-circuited) formed on a SOI substrate, 
the leakage current of the DTMOS is equal to that of the 
regular transistor at the time when the gate bias is off. 
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On the other hand, since the threshold voltage drops at 
the time when the gate bias is on, as described above, 
the gate over drive effect increases, so that the driving 
ability increases significantly. Furthermore, in the DT- 

5 MOS, there is substantially no electric potential differ- 
ence between the gate and the channel region, and 
therefore the electric field in the vertical direction on the 
surface of the substrate is significantly small, compared 
with that of the regular transistor. As a result, the deg- 

10 radation of the mobility of carriers due to an increase of 
the electric filed in the vertical direction is suppressed, 
so that the driving ability is increased significantly. 
[0006] Thus, the DTMOS functions as a transistor that 
can operate at high speed at a low threshold voltage, i. 

15 e. , a low power supply voltage, as long as the operating 
voltage is in the range within which a parasitic bipolar 
transistor in the lateral direction generated between the 
n-type gate, the p-type body (base), and the n-type 
source (emitter) and drain regions (collector) is not on, 

20 and therefore the body current is not so large as to cause 
a practical problem. 

[0007] However, in the case of such a DTMOS struc- 
ture, in order to suppress standby current, it is neces- 
sary to limit the voltage to be applied to the gate to up 
25 to about 0.6V, at which a parasitic bipolar transistor in 
the lateral direction is on. This is because the base cur- 
rent (the gate current or the body current that flows be- 
tween the gate and the body in the DTMOS) of the par- 
asitic bipolar transistor in the lateral direction is deter- 
30 mined substantially by the built-in potential of the silicon, 
and therefore the gate current or the body current (base 
current) becomes significantly large when the gate bias 
voltage Vg (base voltage) is about 0.6V. 
[0008] Figure 7 is a graph showing simulation results 
35 of the gate bias voltage dependence of the drain current 
and the body current. The bold broken line in Figure 7 
shows the drain current Id of the conventional DTMOS, 
and the thin broken line in Figure 7 shows the body cur- 
rent lb of the conventional DTMOS. In Figure 7, simula- 
te tion is conducted with respect to the DTMOS that oper- 
ates as a p-channel type MOS transistor, and therefore 
the gate bias voltage is negative values. However, in the 
case of an n-channel type DTMOS, the gate bias voltage 
is positive. These simulation results were obtained, as- 
45 suming that the impurity concentration of the body is 1 
x 10 18 atoms • cm* 3 , the gate length is 0.5u.m, and the 
thickness Tox of the gate insulator film is 10nm. As seen 
from the curves of the broken lines in Figure 7, in the 
conventional DTMOS shown in Figure 1, the body cur- 
50 rent lb is equal to or larger than the value (about 1 0 _9 A) 
that causes a practical problem at 0.6V or more of the 
gate bias voltage. Therefore, in order to avoid this prob- 
lem, the operating voltage range is limited to very nar- 
row. 

55 [0009] Furthermore, in the conventional DTMOS, the 
necessity of reducing the threshold voltage does not al- 
low the impurity concentration of the body to be high. In 
fact, the above-described literature states that the con- 
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centration of the p-type impurity of the body is about 1 .5 
to 3 x 1 0 17 cm' 3 . As a result, the resistance of the body 
becomes significantly high, so that the voltage drop at 
the body prevents efficient conduction of the electric po- 
tential of the gate to the channel region. As a result, a 
CR delay becomes detrimental to dynamic operations 
and inhibits high speed operations. 
[0010] Moreover, since the concentration of the impu- 
rity of the body is low, the short channel effect that oc- 
curs when the gate length is made short becomes sig- 
nificant. This is because, when the gate length is short, 
the punch-through occurs readily between the source 
and the drain regions because of expansion of the de- 
pletion layer in the body. In other words, in the conven- 
tional DTMOS, it was practically difficult to improve the 
device performance or the integration degree by minia- 
turization of the size (miniaturization of the gate length) 
of the transistor. 

SUMMARY OF THE INVENTION 

[0011] It is an object of the present invention to pro- 
vide a semiconductor device functioning as a DTMOS 
that has a low threshold voltage, can operate at a high 
speed, and has a wide operation range. 
[0012] A semiconductor device of the present inven- 
tion includes a substrate, a semiconductor layer provid- 
ed in a part of the substrate, a gate insulator film provid- 
ed on the semiconductor layer, a gate electrode provid- 
ed on the gate insulator film, source and drain regions 
of a first conductivity type provided in regions on both 
sides of the gate electrode of the semiconductor layer, 
a channel region made of a first semiconductor provided 
in a region between the source and drain regions of the 
semiconductor layer, a body region of the second con- 
ductivity type made of a second semiconductor having 
a larger potential at a band edge where carriers travel 
than that of the first semiconductor, provided in a region 
below the channel region of the semiconductor layer; 
and a conductor member for electrically connecting the 
gate electrode and the body region. 
[0013] Thus, the gate electrode and the body region 
are electrically connected, so that even if a voltage is 
applied to the gate electrode, the body region is main- 
tained at substantially the same electric potential as that 
of the gate electrode. Therefore, no inversion layer is 
generated in a region other than the channel region of 
the semiconductor layer, and thus formation of a para- 
sitic channel is suppressed. In addition, the channel re- 
gion is constituted by the first semiconductor having a 
smaller potential at a band edge where carriers travel 
than that of the second semiconductor constituting the 
body region. Therefore, the gate bias necessary for in- 
version of the channel region, that is, the threshold volt- 
age can be decreased. Consequently, the drain current 
is increased, and the difference between the drain cur- 
rent and the body (gate) current flowing in the channel 
increases. Thus, the operating voltage range can be ex- 



tended. This is the same principle that is used for the 
hetero bipolar transistor in order to increase collector 
current while keeping the base current at the same level 
by using a material having a small band gap for the base 

5 layer in a bipolar transistor. 

[0014] The present invention further includes a cap 
layer made of a semiconductor having a larger potential 
at a band edge where carriers travel than that of the first 
semiconductor, provided in a region between thechan- 

10 nel region and the gate insulator film of the semiconduc- 
tor layer. Thus, the gate insulator film can be constituted 
by an oxide film having good electric characteristics. On 
the other hand, since the gate electrode and the body 
region are electrically connected, even if the gate bias 

15 is increased, no parasitic channel is generated between 
the gate insulator film and the cap layer. 
[0015] The operation speed of the semiconductor can 
be higher by constituting at least the uppermost portion 
of the substrate by an insulator, because the parasitic 

20 capacitance is reduced. 

[0016] The increase of the threshold voltage can be 
suppressed, and impurity scattering can be suppressed 
by having the channel region contain impurities in a low- 
er concentration than that of the body region by 1/10 or 

25 less. Therefore, a reduction of the speed at which car- 
riers travel can be suppressed. 

[0017] A built-in potential is formed between the gate 
electrode and the channel region by constituting the 
gate electrode by polysilicon or polysilicon germanium 
30 containing impurities of the first conductivity. Thus, a 
band structure suitable for carrier confine can be ob- 
tained. 

[0018] The first semiconductor constituting the chan- 
nel region contains at least Si as a constituent element, 

35 and a portion of the semiconductor layer further includes 
a region for preventing impurities from diffusing to the 
channel that contains carbon in a concentration from 
0.01% to 2%. With this embodiment, a semiconductor 
device that can operate at a high speed can be obtained, 

40 where scattering of impurities from the body region con- 
taining high concentration impurities to the channel re- 
gion is suppressed, and impurity scattering hardly oc- 
curs in the channel region. 

[0019] The first semiconductor is a semiconductor 
45 containing Si (silicon) and Ge (germanium) as constitu- 
ent elements, and the second semiconductor is Si. With 
this embodiment, a channel region suitable for p-chan- 
nel in which holes travel can be obtained by utilizing a 
band offset generated in the valence band edge of the 
50 first semiconductor pair. 

[0020] The present invention further includes a cap 
layer made of Si, provided between the gate insulator 
film and the channel region. Thus, the region in contact 
with the band offset generated between the cap layer 
55 and the channel region of the channel region can be 
used as a channel. Moreover, the gate insulator film can 
be constituted by a silicon oxide film having good electric 
characteristics obtained by oxidizing the surface of the 
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cap layer. 

[0021] The source and drain regions may be p-type 
source and drain regions, the channel region may be a 
channel region for p-channel, and the body region may 
be an n-type body region. Alternatively, the source and 
drain regions may be n-type source and drain regions, 
the channel region may a channel region forn-channel, 
and the body region may be a p-type body region. With 
these components, a complementary transistor can be 
formed. 

[0022] The first semiconductor is a semiconductor 
containing Si, Ge and C as constituent elements, and 
the second semiconductor is Si. Thus, a channel region 
that can be used both for n-channel and p-channel can 
be obtained, utilizing the band offsets at the conduction 
band edge and the valence band edge formed in the Si/ 
SiGeC junction portion. 

[0023] The first semiconductor may be Si under ten- 
sile strain, and the second semiconductor may be SiGe 
where lattice strain is relaxed. 

[0024] A second semiconductor device of the present 
invention includes a substrate, a semiconductor layer 
provided in a part of the substrate, a gate insulator film 
provided on the semiconductor layer, a gate electrode 
provided on the gate insulator film, n-type source and 
drain regions provided in regions on both sides of the 
gate electrode of the semiconductor layer, a channel re- 
gion for n-channel made of a first semiconductor con- 
taining Si and Ge as constituent elements and contain- 
ing p-type impurities, provided in a region between the 
source and drain regions of the semiconductor layer, 
and a body region made of a second semiconductor 
containing Si as a constituent element and having a larg- 
er potential at a band edge where carriers travel than 
that of the first semiconductor, and containing p-type im- 
purities, provided in a region below the channel region 
of the semiconductor layer. 

[0025] The semiconductor device of the present in- 
vention further includes a cap layer containing Si as a 
constituent element and containing p-type impurities, 
provided in a region between the channel region and the 
gate insulator film of the semiconductor layer. Thus, a 
well suitable for confining electrons can be formed, uti- 
lizing the band offset at the conduction band edge 
formed between the cap layer and the channel region. 
Then, an n-channel type MIS transistor utilizing Si/SiGe 
junction can be obtained. 

[0026] The semiconductor device of the present in- 
vention further includes a conductor member for electri- 
cally connecting the gate electrode and the body region. 
Thus, a semiconductor device that functions as a DT- 
MOS can be obtained. 

[0027] At least the uppermost portion of the substrate 
is constituted by an insulator. Thus, a transistor utilizing 
a so-called SOI substrate that has a small parasitic ca- 
pacitance and can operate in a high speed can be ob- 
tained. 

[0028] It is preferable that the gate electrode is con- 



stituted by polysilicon or polysilicon germanium contain- 
ing impurities of the first conductivity. 
[0029] The first semiconductor may be SiGeC, and 
the second semiconductor may be Si. 
5 [0030] This and other advantages of the present in- 
vention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 



[0031 ] Figure 1 is a cross-sectional view schematical- 
ly showing the structure of a conventional DTMOS. 
[0032] Figure 2 is a plan view schematically showing 

15 the structure of a conventional DTMOS. 

[0033] Figure 3A is a plan view schematical ly showing 
the structure of a H DTMOS of a first embodiment. 
[0034] Figure 3B is a cross-sectional view taken along 
line lllb-lllb of Figure 3A. 

20 [0035] Figure 3C is a cross-sectional view taken along 
line lllc-lllc of Figure 3A. 

[0036] Figure 4 is a cross-sectional view showing the 
structure of a H DTMOS of the first embodiment in great- 
er detail. 

25 [0037] Figure 5 is an energy band diagram showing 
band alignment in the cross section taken across a Si 
cap layer, a SiGe channel region and an n Si region. 
[0038] Figure 6 is an energy band diagram showing 
built-in band structure in the cross section taken from a 

30 gate electrode to a Si body region in the first embodi- 
ment. 

[0039] Figure 7 is a graph showing simulation results 
of the gate bias dependence of the drain current and the 
body current of a p-channel type H DTMOS of the 
35 present invention and a conventional p-channel type 
DTMOS. 

[0040] Figure 8 is a graph showing simulation results 
of the gate bias dependence of the drain current and the 
body current when the impurity concentration of the 
40 body region is adjusted in order to equalize the threshold 
voltages of the H DTMOS of the present invention and 
the conventional DTMOS. 

[0041] Figure 9 is a graph showing the gate bias de- 
pendence of the drain current and the body current 
45 when the gate length is varied in the H DTMOS of the 
present invention. 

[0042] Figure 10 is a graph showing the gate bias de- 
pendence of the drain current and the body current 
when the gate length is varied in a conventional Si ho- 

50 mojunction type DTMOS. 

[0043] Figure 11 is a graph showing the gate length 
dependence of the threshold voltage of the HDTMOS of 
the present invention and the conventional DTMOS that 
is obtained from the data of Figures 9 and 10. 

55 [0044] Figure 1 2 is a graph showing the dependence 
on the impurity concentration of the channel region of 
the gate bias - body current and the drain current char- 
acteristics of the HDTMOS of the present invention. 
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[0045] Figure 1 3 is a cross-sectional view showing an 
example of a HDTMOS provided with an anti-diffusion 
layer of a variation of the first embodiment. 
[0046] Figure 1 4 is a cross-sectional view showing the 
basic structure of a p-channel type MOSFET having a 5 
conventional Si/SiGe heterojunction. 
[0047] Figures 15A and 15B are energy band dia- 
grams showing the band structures at a low gate bias 
and a high gate bias of a general Si/SiGe heterojunction 
type MOSFET. 

[0048] Figure 1 6 is a graph showing the gate bias de- 
pendence of the ratio in the concentration of the peak 
carriers accumulated in each of a heterochannel and a 
parasitic channel in the HDTMOS of the present inven- 
tion and the conventional heterojunction type SOIMOS- 
FET. 

[0049] Figure 17A is a plan view schematically show- 
ing the structure of a HDTMOS of a second embodi- 
ment. 

[0050] Figure 17B is a cross-sectional view taken 
along line XVIIb-XVIIb of Figure 17A. 
[0051] Figure 17C is a cross-sectional view taken 
along line XVIIc-XVIIc of Figure 17A. 
[0052] Figure 18 is a cross-sectional view showing the 
structure of a HDTMOS of the second embodiment in 
greater detail. 

[0053] Figure 1 9 is an energy band diagram showing 
band alignment in the cross section taken across a Si 
cap layer, a SiGe channel region and a p-Si region. 
[0054] Figure 20 is an energy band diagram showing 
built-in band structure in the cross section taken from a 
gate electrode to a Si body region in the second embod- 
iment. 

[0055] Figure 21 is a graph showing simulation results 
of the gate bias dependence of the drain current and the 
body current when the impurity concentration of the 
body region is adjusted in order to equalize the threshold 
voltages of the HDTMOS of the present invention and 
the conventional DTMOS. 

[0056] Figure 22 is across-sectional view showing the 
structure of a complementary HDTMOS of a third em- 
bodiment. 

[0057] Figure 23 is a cross-sectional view showing the 
structure of a complementary HDTMOS of a variation of 
the third embodiment where the channel region is con- 
stituted by St^.yGexCy. 

[0058] Figure 24 is an energy band diagram showing 
the band structure in a Si/SiGe heterojunction portion. 
[0059] Figure 25 is an energy band diagram of a Si/ 
SiC(Si 1 - Y C Y : y ^0,02) heterojunction portion. 
[0060] Figure 26 is a cross-sectional view of an n- 
channel type HDTMOS of a fourth embodiment. 
[0061] Figure 27 is an energy band diagram showing 
the band structure in a Si/SiGeC heterojunction portion. 
[0062] Figure 28 is a cross-sectional view of the struc- 
ture of a HDTMOS of a fifth embodiment. 
[0063] Figure 29 is an energy band diagram showing 
the band structure in a Si/SiGe/SiC heterojunction por- 



tion. 

[0064] Figure 30 is a cross-sectional view showing the 
structure of a complementary HDTMOS of a sixth em- 
bodiment. 

[0065] Figure 31 is an energy band diagram showing 
the band structure of a complementary HDTMOS of a 
variation of the sixth embodiment having a Si/SiGe junc- 
tion portion and a Si/SiC junction portion. 
[0066] Figure 32 is a cross-sectional view showing the 
structure of a CMOS device of a seventh embodiment. 
[0067] Figure 33A is an energy band diagram show- 
ing the band structure in a Si/SiGe heterojunction por- 
tion for p channel. 

[0068] Figure 33B is an energy band diagram show- 
ing the band structure in a Si/SiGe heterojunction por- 
tion for n channel. 

[0069] Figures 34A and 34 B are graphs showing data 
of the gate bias Vg dependence of the drain current Id 
and the gate overdrive dependence of the transconduct- 
ance, respectively, of the HDTMOS of the present in- 
vention and the conventional MOS, when measured 
with varied Ge contents of the channel region. 
[0070] Figures 35A and 35B are graphs showing the 
gate bias Vg dependence of the drain current Id and the 
gate overdrive dependence of the transconductance, 
respectively, of the HDTMOS of the present invention 
and the conventional MOS, when measured with varied 
impurity concentrations of the channel region. 
[0071] Figure 36 is a graph showing the correlation 
between the body effect factor y and the threshold volt- 
age of the present invention, using the Ge content and 
the impurity concentration of the channel region as the 
parameters. 

[0072] Figure 37 is a graph showing Id and Ig-Vg char- 
acteristics of MOS, Si/SiGe-MOS, Si homojunction type 
DTMOS and Si/SiGe- HDTMOS. 

[0073] Figure 38 is a graph showing comparison of 
the Id-Vd characteristics of Si homojunction type DT- 
MOS and Si/SiGe-H DTMOS. 

[0074] Figure 39 is a graph showing comparison in 
greater detail of the short channel effect of Si homojunc- 
tion type DTMOS and Si/SiGe-HDTMOS. 
[0075] Figure 40 is a cross-sectional view of a HDT- 
MOS that functions as an n-channel type transistor of 
an eighth embodiment. 

[0076] Figure 41 is an energy band diagram showing 
a band structure across a body region made of a relaxed 
SiGe film and a Si channel region made of a Si film under 
tensile strain. 

[0077] Figure 42 is a cross-sectional view of a HDT- 
MOS of a variation of the eighth embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 



[0078] In this embodiment, examples of DTMOS uti- 
lizing a Si/SiGe heterojunction using SiGe as a material 
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constituting a channel region. 

[0079] Figure 3 A is a plan view schematically showing 
the structure of a HDTMOS of this Embodiment. Figure 
3B is a cross-sectional view taken along line lllb-lllb of 
Figure 3A. 

[0080] Figure 3C is across-sectional view taken along 
line lllc-lllcof Figure 3A. As shown in Figures 3A to 3C, 
the HDTMOS of this embodiment includes a p-type Si 
substrate 10, a buried oxide film 11 formed on the Si 
substrate, for example by a method of implanting oxy- 
gen ions, and a semiconductor layer 30 provided on the 
buried oxide film 11. The semiconductor layer 30 in- 
cludes an upper Si film 12 constituting an upper portion 
of the SOI substrate, a Si buffer layer 13 epitaxially 
grown by a UHV-CVD method on the upper Si film 12, 
a SiGe film 14 epitaxially grown by a UHV-CVD method 
on the Si buffer layer 13, and a Si film 15 epitaxially 
grown by a UHV-CVD method on the SiGe film 14. Fur- 
thermore, the HDTMOS includes a gate insulator film 16 
formed of a silicon oxide film provided on the Si film 15 
and a gate electrode 17 provided on the gate insulator 
film 1 6. A source region 20a and a drain region 20b con- 
taining p-type high concentration impurities are provid- 
ed in regions on both sides of the gate electrode 17 of 
the semiconductor layer 30, i.e., the upper Si film 12, 
the Si buffer layer 13, the SiGe film 14 and the Si film 
15. Furthermore, a Si body region 22 containing n-type 
high concentration impurities is formed in a region be- 
tween the source region 20a and the drain region 20b 
of the upper Si film 12. An n' Si region 23 containing n- 
type low concentration impurities is formed in a region 
immediately above the Si body region 22 of the Si buffer 
layer 13. A SiGe channel region 24 containing relatively 
n-type low concentration impurities is formed in a region 
between the source region 20a and the drain region 20b 
of the SiGe film 14. A Si cap layer 25 containing n-type 
low concentration impurities is formed in a region imme- 
diately below the gate insulator film 16 of the Si film 15. 
Furthermore, a contact 26 as a conductor member that 
electrically connects the gate electrode 17 and the Si 
body region 22 is provided. 

[0081] Figure 4 is a cross-sectional view showing the 
structure of the HDTMOS of this embodiment in greater 
detail. In this example, the buried oxide film 11 is about 
1 0Onm thick. The upper Si film 12 is about 1 0Onm thick. 
The Si buffer layer 1 3 is about 1 0nm thick. The SiGe film 
1 4 is about 1 5nm thick. The Si film 1 5 is about 5nm thick. 
The Si body region 22 contains n-type impurities (e.g., 
arsenic or phosphorus) in a concentration of about 1 x 
1 0 1 9 atoms • cm" 3 by performing ion implantation before 
epitaxial growth of the Si buffer layer 13. The n- Si region 

23 contains n-type low concentration impurities (e.g., ar- 
senic or phosphorus) . The Ge content of the SiGe chan- 
nel region 24 is about 40%, and the SiGe channel region 

24 contains n-type impurities (e.g., arsenic or phospho- 
rus. The Si cap layer 25 contains n-type low concentra- 
tion impurities (e.g., arsenic or phosphorus). The gate 
insulator film 16 is formed by thermally oxidizing the Si 



film 15. The gate electrode 17 is doped with p-type im- 
purities (e.g., boron) in a concentration of about 1 x 10 20 
atoms • cm' 3 . Side walls 27 made of silicon oxide films 
are provided on the sides of the gate electrode 17. 
5 [0082] Figure 5 is an energy band diagram showing 
the band alignment in the cross-section taken across the 
Si cap layer 25, the SiGe channel region 24 and the n" 
Si region 23. The band gap of the SiGe channel region 

24 having a Ge content of 40% is smaller by about 
10 300meV than those of the Si cap layer 25 and the n* Si 

region 23. Therefore, a heterobarrier at the valence 
band edge that can confine holes can be formed be- 
tween the SiGe channel region 24 and the Si cap layer 

25 and between the SiGe channel region 24 and the n" 
15 Si region 23. 

[0083] Figure 6 is an energy band diagram showing 
a built-in band structure in the cross-section taken 
across the gate electrode 17, the gate insulator film 16, 
the Si cap layer 25, the SiGe channel region 24, the n- 

20 Si layer 23 and the Si body region 22. As shown in Figure 
6, by doping the gate electrode 1 7 with p-type impurities, 
the energy at the valence band edge of a portion of the 
SiGe channel region 24 that is in contact with the Si cap 
layer 25 is particularly high under no application of bias, 

25 and a recess suitable for hole confine is formed between 
the heterobarriers. Therefore, even if a gate bias voltage 
is applied to the gate electrode 17 while the gate elec- 
trode 17 and the Si body region 22 are electrically con- 
nected, the gate electrode 1 7 and the Si body region 22 

30 are maintained at substantially the same electric poten- 
tial. Therefore, the band shape shown in Figure 6 is un- 
changed, and only the overall potential is changed with 
respect to the source and drain regions. Consequently, 
an inversion layer that is generated in a portion of the 

35 Si cap layer 25 that is in contact with the gate insulator 
film 16 in a conventional Si/SiGe-hetero MOSFET is not 
generated in the HDTMOS of the present invention. As 
a result, formation of a so-called parasitic channel, 
which may be formed in another portion than the SiGe 

40 channel region 24, can be prevented effectively. 

[0084] Figure 7 is a graph showing simulation results 
of the gate bias dependence of the drain current Id and 
the body current lb of the p-channel type HDTMOS hav- 
ing the Si/SiGe heteroj unction structure of the present 

45 invention and a conventional p-channel type DTMOS 
having a Si homojunction structure. For both the drain 
current Id and the body current lb, the impurity concen- 
tration nb in the Si body region is 1 x 10 18 crrr 3 . The 
bold broken line in Figure 7 shows the drain current Id 

50 of the conventional DTMOS, and the thin broken line 
shows the body current lb of the conventional DTMOS. 
The bold solid line shows the drain current Id of the HDT- 
MOS of the present invention, and the thin solid line 
shows the body current lb of the HDTMOS of the 

55 present invention. This simulation results were ob- 
tained, assuming that for both the drain current Id and 
the body current lb, the impurity concentration nb in the 
Si body region is 1 x 10 18 atoms - cm* 3 , the gate length 
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is 0.5u.m, the thickness Tox of the gate insulator film is 
10nm, 

[0085] As shown in Figure 7, when the channel region 
is constituted by SiGe having a small band gap (small 
potential for carriers), the gate bias value at which the 
body current (gate current) shown by the thin solid line 
rises is not significantly changed. However, the thresh- 
old voltage, which is the gate bias value at which the 
drain current Id rises, is about 0.2V lower. In other 
words, when the energy level at the valence band edge 
in the SiGe channel region 24 as shown in Figure 6 is 
increased from that of the conventional DTMOS, the 
threshold voltage drops. On the other hand, the energy 
level of the valence band edge of the Si body region 22 
is the same as that of the conventional DTMOS, and 
therefore with the operations of the parasitic bipolar 
transistor, the gate bias value at which the body current 
lb rises is unchanged from the conventional DTMOS. 
This results in the HDTMOS of the present invention 
having an operating voltage range wider than that of the 
conventional Si homoj unction type DTMOS. The value 
of the body current lb of the HDTMOS of the present 
invention after rising is lower than that of the conven- 
tional DTMOS. 

[0086] Figure 8 is a graph showing simulation results 
of the gate bias dependence of the drain current Id and 
the body current lb when the impurity concentration nb 
of the body region is adjusted in order to equalize the 
threshold voltages of the Si/SiGe-HDTMOS of the 
present invention and the conventional Si homojunction 
type DTMOS. The bold broken line in Figure 8 shows 
the drain current Id of the conventional DTMOS, and the 
thin broken line shows the body current lb of the con- 
ventional DTMOS. The bold solid line shows the drain 
current Id of the HDTMOS of the present invention, and 
the thin solid line shows the body current lb of the HDT- 
MOS of the present invention. This simulation results 
were obtained, assuming that for both the drain current 
Id and the body current lb, the gate length is 0.5u.m, and 
the thickness Tox of the gate insulator film is 10nm. 
However, the impurity concentration nb in the Si body 
region in the Si/SiGe-HDTMOS of the present invention 
is 1 x 10 19 atoms -cm " 3 , and the impurity concentration 
nb in the Si body region in the conventional Si homo- 
junction type DTMOS is 2 x 1 0 17 atoms • crrr 3 . 
[0087] As shown in Figure 8, when the gate bias de- 
pendence of the drain current Id is made substantially 
equal between the HDTMOS of the present invention 
and the conventional DTMOS, the gate bias value at 
which the body current lb causes a practical problem in 
the HDTMOS of the present invention is about 0.2V low- 
er than that of the conventional DTMOS. In other words, 
according to the HDTMOS of the present invention, by 
constituting the channel region by SiGe having a smalt 
band gap, with adjustment of the impurity concentration , 
the operating voltage range is extended by about 0.2V. 
Therefore, either one of lowering the voltage by lowering 
the threshold voltage and reducing power consumption 



by suppressing the body current without substantially 
changing the threshold voltage can be selected. 
[0088] Figure 9 is a graph showing the gate bias de- 
pendence of the drain current Id and the body current 

5 lb when the gate length Lg is varied in the Si/SiGe-HDT- 
MOS of the present Invention. In this example, the ratio 
Wg/Lg of the gate width Wg to the gate length Lg is 20. 
As shown in Figure 9, in the HDTMOS of the present 
invention, even if the gate length Lg is made short, there 

10 is no substantial change in both the drain current Id and 
the body current lb. 

[0089] Figure 1 0 is a graph showing the gate bias de- 
pendence of the drain current Id and the body current 
lb when the gate length Lg is varied in the conventional 

15 Si homojunction type DTMOS. As shown in Figure 10, 
in the conventional Si homojunction type DTMOS, when 
the gate length Lg is reduced to 0.25u.m or less, the 
threshold voltage is decreased significantly. 
[0090] Figure 11 is a graph showing the gate length 

20 dependence of the threshold voltage of the Si/SiGe- 
HDTMOS of the present invention and the conventional 
Si homojunction type DTMOS that is obtained from the 
data of Figures 9 and 10. As shown in Figure 11 , in the 
HDTMOS of the present invention, even if the gate 

25 length Lg is made short, there is no substantial increase 
in the threshold voltage, compared with the convention- 
al DTMOS. 

[0091] Figures 9, 10 and 11 confirm the following. In 
the conventional Si homojunction type DTMOS, when 

30 the gate length Lg is reduced to 0.25u.m or less, there 
is a drastic change in the threshold voltage, whereas in 
the HDTMOS of the present invention, even in a short 
channel device with a gate length Lg of 0.1 jun or less, 
a change in the threshold voltage is small, and the short 

35 channel effect is suppressed sufficiently. This is be- 
lieved to be caused for the following reasons. In the 
HDTMOS of the present invention, by constituting the 
channel region by SiGe having a small band gap, even 
if the impurity concentration in the Si body region is 

40 made high, the threshold voltage is maintained to be 
equal to that of the conventional Si homojunction type 
DTMOS. Therefore, in the present invention, the expan- 
sion of the depletion layer can be suppressed by in- 
creasing the impurity concentration in the Si body region 

45 24. Consequently, even in the HDTMOS having a small 
gate length, punch-through can be suppressed so that 
a so-called short channel effect can be suppressed. 
[0092] As shown in Figure 9, when the gate length Lg 
is short and the gate width Wg is short, the body current 

50 lb tends to be reduced. This is because the body current 
lb is proportional to the gate width Wg. Therefore, ac- 
cording to the HDTMOS of the present invention, by 
constituting the channel region by SiGe having a small 
band gap, the body current lb can be further reduced 

55 and the operating voltage range can be further extended 
by reducing the length of the channel while increasing 
the impurity concentration in the body region. 
[0093] Figure 1 2 is a graph showing the impurity con- 
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centration dependence of the SiGe channel region of 
the gate bias - body current Id and the drain current lb 
characteristics of the HDTMOS of the present invention. 
As shown in Figure 12, when the impurity concentration 
in the SiGe channel region is so high as nearly 1 x 5 
1 0 18 atoms • cm* 3 , the drain current Id is changed signif- 
icantly, and the threshold voltage becomes large. As a 
result, the difference between the drain current Id and 
the body current lb becomes small, and therefore the 
operating voltage range becomes significantly small. On 
the other hand, when the impurity concentration in the 
SiGe channel region is 1 x 10 17 atoms • cm* 3 or less, a 
change in the drain current Id is small and a variation in 
the threshold voltage is small. In addition, the difference 
between the drain current Id and the body current lb is 
maintained large, so that the operating voltage range 
can be sufficiently large. 

[0094] In conclusion with respect to the simulation re- 
sults shown in these graphs, in the Si/SiGe-HDTMOS 
of the present invention, the short channel effect can be 
suppressed and the operating voltage range can be ex- 
tended by making the impurity concentration in the Si 
body region 22 high and the impurity concentration in 
the SiGe channel region 24 low. 
[0095] In order to produce the HDTMOS having a high 
impurity concentration in the Si body region 22 and a 
low impurity concentration in the SiGe channel region 
24, it is important to prevent the impurities in the Si body 
region 22 from diffusing to the SiGe channel region 24 
during epitaxial growth of the SiGe film 14 constituting 
the SiGe channel region 24 or the processes subse- 
quent to the epitaxial growth. 

[0096] Figure 1 3 is a cross-sectional view showing an 
example of a HDTMOS including an anti-diffusion layer 
of a variation of this embodiment. As shown in Figure 
13, in addition to the structure of the HDTMOS shown 
in Figure 4, this variation of the HDTMOS further in- 
cludes a Si film 18 containing about 0.1% of C (carbon) 
and a Si film 19 for spacers between the Si buffer layer 
13 and the SiGe film 14. The Si film 19 is stacked on the 
Si film 18. Further, an n _ Si layer 28 containing about 
0.1% of carbon and an n~Si spacer layer 29 containing 
n-type low concentration impurities are formed below 
the SiGe channel region 24. The n _ Si spacer layer 29 is 
formed on the Si layer 28. 

[0097] In this variation, the n- Si layer 28 containing 
0.01% to 2%, for example, about 0.1% of carbon sup- 
presses the impurities from diffusing from the Si body 
region 22 to the SiGe channel region 24. Therefore, a 
steep profile of the impurity concentration where the im- 
purity concentration of the Si body region 22 is high and 
the impurity concentration of the SiGe channel region 
24 is low can be formed in a very minute region. As a 
result of forming such a steep profile of the impurity con- 
centration, the effects of this embodiment such as sup- 
pression of the short channel effect and extension of the 
operating voltage range can be exhibited more explicitly. 
[0098] Next, the difference in the function between the 



Si/Si Ge heterojunctiontype DTMOS of this embodiment 
and the conventional Si/SiGe heterojunction type MOS- 
FET will be described. 

[0099] Figure 1 4 is a cross-sectional view showing a 
basic structure of a p-channel type MOSFET having a 
conventional Si/SiGe heterojunction. As shown In Fig- 
ure 1 4, the MOSFET having a conventional Si/SiGe het- 
erojunction includes a Si substrate, an n + Si layer 
formed by introducing high concentration impurities in 
the Si substrate, an n~ Si buffer layer epitaxially grown 
on the n + Si layer, and a SiGe channel layer containing 
n-type low concentration impurities epitaxially grown on 
the n' Si buffer layer, a Si cap layer containing n-type 
low concentration impurities epitaxially grown on the 
SiGe channel layer, a gate oxide film formed on the Si 
cap layer, agate electrode formed on the gate oxide film, 
and side wall spacers made of a oxide film provided on 
the side faces of the gate electrode. 
[0100] In a MOSFET having a conventional Si homo- 
junction structure that does not use a heterojunction, an 
inversion layer generated in an interface region in con- 
tact with a gate oxide film of a silicon layer is used as a 
channel. In other words, carriers travel in the interface 
region in contact with the gate oxide film of a silicon lay- 
er. On the other hand, in the conventional Si/SiGe het- 
erojunction type MOSFET shown in Figure 14, carrier 
travel in the channel formed in an interface region in con- 
tact with the Si cap layer of the SiGe channel layer. In 
other words, in the conventional Si/SiGe heterojunction 
type MOSFET, the channel is formed in a region apart 
from the Si cap layer immediately below the gate oxide 
film. 

[0101] In general, the heterojunction type MOSFET 
using, for example, Si/SiGe, has the following advan- 
tages. 

[01 02] First, since a material such as SiGe that allows 
a higher mobility of carriers than Si can be used as the 
channel layer, high speed operations of transistors can 
be achieved. 

[0103] Second, since a reduction of carrier mobility 
due to scattering of carriers intervalley can be sup- 
pressed by utilizing the modulation of the band structure 
due to strain that is caused by lattice mismatch between 
SiGe and Si, high speed operations of the transistor can 
be achieved. 

[0104] Thirdly, since the SiGe channel layer is apart 
from the gate oxide film, scattering of carriers due to 
roughness at the interface between the gate oxide film 
and the Si cap layer can be suppressed. Therefore, high 
speed operations of the transistor can be achieved and 
noise caused by scattering of carriers at the interface 
can be reduced. 

[0105] Thus, the heterojunction MOSFET is a prom- 
ising device as a future high speed logic device or a high 
frequency analog device. However, in the heterojunc- 
tion MOSFET, there is a disadvantage in that a parasitic 
channel is generated easily. 

[0106] Figures 15A and 15B are energy band dia- 
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grams showing the band structu re at a low gate bias and 
a high gate bias of a general Si/SiGe heterojunction type 
MOSFET. As shown in Figure 15A, when the gate bias 
is small, carriers are accumulated mainly in a portion in 
the vicinity of the heterobarrier of the SiGe layer. On the 
other hand, when the gate bias is large, as shown in 
Figure 15B, carriers are accumulated in a portion (upper 
end portion) of the Si cap layer in contact with the gate 
oxide film as well as the SiGe channel layer, because 
the energy level at the valence band edge is increased 
by the electric field in the portion of Si cap layer in con- 
tact with the gate oxide film. In operation of the transis- 
tor, carriers accumulated in the upper end portion of the 
Si cap layer travel as well, which means that a parasitic 
channel is generated. In the state shown in Figure 15B, 
as in the conventional MOSFET, carriers travelling in the 
Si cap layer are subjected to scattering due to the gate 
oxide film, and has a small mobility, compared with car- 
riers travelling in the SiGe layer where the mobility of 
the carriers is large. Therefore, high speed operation of 
the transistor, which is an advantage of the heterojunc- 
tion type MOSFET, cannot be realized sufficiently. In 
other words, in the conventional heterojunction type 
MOSFET, as the gate bias is increased, the electric po- 
tential difference between the semiconductor layer and 
the gate electrode become large. Therefore, as shown 
in Figure 15B, sharp bending of the band of the semi- 
conductor layer occurs. 

[0107] On the other hand, in the heterojunction type 
DTMOS of the present invention, as shown in Figure 6, 
the gate electrode and the Si body region are electrically 
connected. Therefore, even if the gate bias is increased, 
the electric potential difference between the Si body re- 
gion and the gate electrode is maintained substantially 
constant. Carriers are always accumulated in the SiGe 
channel region, and no parasitic channel is formed. 
Consequently, the inherent advantage of the high speed 
operation of the transistor of the heterojunction type 
MOSFET can be realized to full extent. 
[01 08] Figure 1 6 is a graph showing the gate bias de- 
pendence of the ratio in the concentration of the peak 
carriers accumulated in each of a heterochannel and a 
parasitic channel in the Si/SiGe-HDTMOS of the 
present invention and the conventional heterojunction 
type SOIMOSFET As shown in Figure 16, in the Si/ 
SiGe-H DTMOS of the present invention, formation of a 
parasitic channel is suppressed at high bias. 
[01 09] Therefore, the HDTMOS of the present inven- 
tion can solve the problem with respect to the parasitic 
channel, which causes a problem in the conventional 
heterojunction type MOSFET Thus, the HDTMOS of the 
present invention is a promising device as a future high 
speed logic device or a high frequency analog device. 
[0110] In this embodiment, the HDTMOS formed on 
the SOI substrate has been described. The same effects 
can be obtained in the case where a bulk semiconductor 
substrate in place of the SOI substrate is used. 
[01 1 1 ] The area of the HDTMOS of the present inven- 



tion is larger than that of the conventional MOSFET by 
the area that is required for formation of a contact be- 
tween the gate electrode and the body region. However, 
the gate width can be made smaller because the driving 
5 current is larger. Therefore, from an overall point of view, 
the present invention is advantageous for miniaturiza- 
tion. 

Second Embodiment 

10 

[0112] In this embodiment, an example of an n-chan- 
nel HDTMOS using SiGe as a material constituting the 
channel region will be described. 
[0113] Figure 17A is a plan view schematically show- 
's ing the structure of a HDTMOS of this erhbodiment. Fig- 
ure 1 7B is a cross-sectional view taken along line XVI Ib- 
XVI lb of Figure 17A. Figure 17C is a cross-sectional 
view taken along line XVIIc-XVIIc of Figure 17A. As 
shown in Figures 17A to 17C, the HDTMOS of this em- 

20 bodiment includes a p-type Si substrate 50, a buried ox- 
ide film 51 formed by a method, for example, of implant- 
ing oxygen ions to the Si substrate, and a semiconductor 
layer 80 formed on the buried oxide film 51 . The semi- 
conductor layer 80 includes an upper Si film 52 consti- 

25 tuting the upper portion of the SOI substrate, a Si buffer 
layer 53 epitaxial ly grown by a UHV-CVD method on the 
upper Si film 52, a SiGe film 54 epitaxtally grown by a 
UHV-CVD method on the Si buffer layer 53, and a Si film 
55 epitaxially grown by a UHV-CVD method on the SiGe 

30 film 54. Furthermore, the HDTMOS includes a gate in- 
sulator film 56 made of a silicon oxide film formed on the 
Si film 55, and a gate electrode 57 formed on the gate 
insulatorfilm 56. A source region 60a and a drain region 
60b containing n-type high concentration impurities are 

35 provided in regions on both sides of the gate electrode 
57 of the semiconductor layer 52, i.e., the upper Si film 
52, the Si buffer layer 53, the SiGe film 54 and the Si 
film 55. Furthermore, a Si body region 62 containing p- 
type high concentration impurities is formed in a region 

40 between the source region 60a and the drain region 60b 
of the upper Si film 52. A p* Si region 63 containing p- 
type low concentration impurities is formed in a region 
immediately above the Si body region 62 of the Si buffer 
layer 53. A SiGe channel region 64 containing relatively 

^5 p-type low concentration impurities is formed in a region 
between the source region 60a and the drain region 60b 
of the SiGe film 54. A Si cap layer 65 containing p-type 
low concentration impurities is formed in a region imme- 
diately below the gate insulator film 56 of the Si film 55. 

50 Furthermore, a contact 66 as a conductor member that 
electrically connects the gate electrode 57 and the Si 
body region 62 is provided. 

[01 1 4] Figure 1 8 is a cross-sectional view showing the 
structure of the HDTMOS of this embodiment in greater 
55 detail. In this example, the buried oxide film 51 is about 
1 0Onm thick. The upper Si film 52 is about 1 0Onm thick. 
The Si buffer layer 53 is about 1 0nm thick. The SiGe film 
54 is about 1 5nm thick. The Si film 55 is about 5nm thick. 
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The Si body region 62 contains p-type impurities (e.g., 
boron) in a concentration of about 1 x 1 0 19 atoms • cm' 3 
by performing ion implantation before epitaxial growth 
of the Si buffer layer 53. The p- Si region 63 contains p- 
type impurities (e.g., boron) in a concentration of about 
1 x 10 17 atoms cm -3 by performing in-situ doping. The 
Ge content of the SiGe channel region 64 is about 40%, 
and the SiGe channel region 64 contains p-type impu- 
rities (e.g., boron) in a concentration of about 1 X 10 17 
atoms • cm* 3 by performing in-situ doping. The Si cap 
layer 65 contains p-type impurities (e.g., boron) in a con- 
centration of about 1 x 1 0 17 atoms • cm- 3 by performing 
in-situ doping. The gate insulator film 56 is formed by 
thermally oxidizing the Si film 55. The gate electrode 57 
is doped with n-type impurities (e.g., arsenic or phos- 
phorus) in a concentration of about 1 x 1 0 20 atoms • 
cm" 3 . Side walls 67 made of silicon oxide films are pro- 
vided on the sides of the gate electrode 57. 
[0115] Figure 19 is an energy band diagram showing 
the band alignment in the cross-section taken across the 
Si cap layer 65, the SiGe channel region 64 and the p~ 
Si region 63. In the Si/SiGe heteroj unction portion where 
the band offset is formed mainly on the valence band, a 
well for potentials is generated by the jump of the band 
in the conduction band edge by doping the Si layer and 
the SiGe layer with p-type impurities. Therefore it is pos- 
sible to confine electrons in the SiGe channel region 64. 
[0116] Figure 20 is an energy band diagram showing 
a built-in band structure in the cross-section taken 
across the gate electrode 57, the gate insulator film 56, 
the Si cap layer 65, the SiGe channel region 64, the p" 
Si layer 63 and the Si body region 62. As shown in Figure 
20, by doping the gate electrode 57 with n-type impuri- 
ties, the energy at the conduction band edge of a portion 
of the SiGe channel region 64 that is in contact with the 
Si cap layer 65 is particularly low under no application 
of bias, and a recess suitable for electron confine is 
formed. Therefore, even if a gate bias voltage is applied 
to the gate electrode 57 while the gate electrode 57 and 
the Si body region 62 are electrically connected, the 
gate electrode 57 and the Si body region 62 are main- 
tained at substantially the same electric potential. 
Therefore, the band shape shown in Figure 20 is un- 
changed, and only the overall potential is changed with 
respect to the source and drain regions. Consequently, 
an inversion layer that is generated in a portion of the 
Si cap layer 65 that is in contact with the gate insulator 
film 56 in a regular MOSFET is not generated in the 
HDTMOS of the present invention. As a result, formation 
of a so-called parasitic channel, which may be formed 
in another portion than the SiGe channel region 64, can 
be prevented effectively, and the same effect as in the 
first embodiment can be achieved. 
[0117] Figure 21 is a graph showing simulation results 
of the gate bias dependence of the drain current Id and 
the body current lb when the impurity concentration pb 
of the body region is adjusted in order to equalize the 
threshold voltages of the HDTMOS of the present inven- 



tion and the conventional Si homojunction type DTMOS. 
The bold broken line in Figure 21 shows the drain cur- 
rent Id of the conventional DTMOS, and the thin broken 
line shows the body current lb of the conventional DT- 

5 MOS. The bold solid line shows the drain current Id of 
the HDTMOS of the present invention, and the thin solid 
line shows the body current lb of the HDTMOS of the 
present invention. This simulation results were ob- 
tained, assuming that for both the drain current Id and 

10 the body current lb, the gate length is 0.5ujti, and the 
thickness Tox of the gate insulator film is 10nm. How- 
ever, the impurity concentration pb in the Si body region 
in the Si/SiGe-HDTMOS of the present invention is 1 x 
10 19 atoms • cm" 3 , and the impurity concentration pb in 

15 the body region in the conventional Si homojunction 
type DTMOS is 2 x 1 0 1 7 atoms • cm" 3 . The impurity con- 
centration in the SiGe channel region in the HDTMOS 
of the present invention is about 1 x 1 0 17 atoms ■ cm" 3 . 
[01 1 8] As shown in Figure 21 , when the gate bias de- 

20 pendence of the drain current Id is made substantially 
equal between the HDTMOS of the present invention 
and the conventional DTMOS, the gate bias value at 
which the body current lb causes a practical problem in 
the HDTMOS of the present invention is about 0.2V 

25 higher than that of the conventional DTMOS. In other 
words, according to the HDTMOS of the present inven- 
tion, by constituting the channel region by SiGe having 
a small band gap, with adjustment of the impurity con- 
centration, the operating voltage range is extended by 

30 about 0.2V. Therefore, either one of lowering the voltage 
by lowering the threshold voltage and reducing power 
consumption by suppressing the body current without 
substantially changing the threshold voltage can be se- 
lected. 

35 

Third Embodiment 

[0119] In this embodiment, an example of a comple- 
mentary HDTMOS using SiGe as a material constituting 

40 the channel region will be described. 

[01 20] Figure 22 is a cross-sectional view showing the 
structure of a complementary HDTMOS of this embod- 
iment. As shown in Figure 22, the HDTMOS of this em- 
bodiment includes a p-type Si substrate 10, a buried ox- 

45 jde film 1 1 formed by a method, for example, of implant- 
ing oxygen ions to the Si substrate, a semiconductor lay- 
er 30 for a p-channel type H DTMOS (p-DTMOS) formed 
on the buried oxide film 11 , and a semiconductor layer 
80 for an n-channel type HDTMOS (n-DTMOS) formed 

so on the buried oxide film 11 . The semiconductor layers 
30 and 80 include the films described in the first and 
second embodiments. The HDTMOS includes gate in- 
sulator films 16 and 56 made of a silicon oxide film 
formed on the semiconductor layers 30 and 80, respec- 

55 tively, gate electrode 17 and 57 formed on the gate in- 
sulator films 1 6 and 56, respectively, and side wails 18 
and 58 provided on the side faces of the gate electrode 
17 and 57, respectively. A source region 20a and a drain 
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region 20b containing p-type high concentration impu- 
rities are provided in regions on both sides of the gate 
electrode 17 of the semiconductor layer 30. A source 
region 60a and a drain region 60b containing n-type high 
concentration impurities are provided in regions on both 
sides of the gate electrode 57 of the semiconductor layer 
80. Furthermore, a Si body region 22 containing n-type 
high concentration impurities, an n" Si region 23 contain- 
ing n-type low concentration impurities, a SiGe channel 
region 24 containing n-type low concentration impuri- 
ties, and a Si cap layer 25 containing n-type low con- 
centration impurities are formed in a region between the 
source region 20a and the drain region 20b of the sem- 
iconductor layer 30. A Si body region 62 containing p- 
type high concentration impurities, a p- Si region 63 con- 
taining p-type low concentration impurities, a SiGe 
channel region 64 containing p-type low concentration 
impurities, and a Si cap layer 65 containing p-type low 
concentration impurities are formed in a region between 
the source region 60a and the drain region 60b of the 
semiconductor layer 80. 

[0121] Furthermore, interlayer insulator films 90, con- 
tacts (not shown) in contact with the source and the 
drain regions 20a, 20b, 60a and 60b through the inter- 
layer insulator films 90, and source and drain electrodes 
92 connected to the contacts and extending upward 
from the interlayer insulator films 90 are provided on the 
substrate. 

[0122] Herein, the components, the thickness, the im- 
purity concentration or the like of the buried oxide film 
1 1 and the portions constituting the semiconductor layer 
are the same as those of the first and second embodi- 
ments. 

[0123] In the production process of the complemen- 
tary HDTMOS of this embodiment, the upper Si film, 
which is a part of the SOI substrate, includes an n + Si 
layer (p-DTMOS region) and a p + Si layer (n-DTMOS 
region) that have been previously doped with impurities 
in a concentration of about 1 x 1 0 19 atoms • cm* 3 by ion 
implantation before crystal growth. All of the Si buffer 
layer, the SiGe channel region, and the Si cap layer that 
are epitaxially grown by a UHV-CVD method are un- 
doped layers that are not doped with impurities in the 
as-grown state. In this case, the Si buffer is 10nm thick. 
The SiGe channel layer is 15nm thick. The Si cap layer 
is 5nm thick. The Ge content in the SiGe channel region 
is 40%. After completion of crystal growth of the SiGe 
film and the Si cap layer, the vicinity of the SiGe channel 
region of the n-DTMOS region is doped with p-type im- 
purities in a concentration of about 1 x 10 17 atoms cm' 3 
by ion implantation. The vicinity of the SiGe channel re- 
gion of the p-DTMOS region is doped with n-type impu- 
rities in a concentration of about 1 x 10 17 atoms • cm -3 
by ion implantation. The SiGe film and the Si cap layer 
may be undoped. Then, the uppermost Si cap layer is 
subjected to thermal oxidization, and the obtained sili- 
con oxide film is used as the gate insulator film. Then, 
an n+ type gate electrode made of polysilicon doped 



with n-type high concentration impurities, and a p+ type 
gate electrode made of polysilicon doped with p-type 
high concentration impurities are formed on the gate in- 
sulator film. Thereafter, n + type source and drain regions 
5 doped with n-type high concentration impurities, and p+ 
type source and drain regions doped with p-type high 
concentration impurities are formed on both sides of 
each gate electrode. Then, source electrodes and drain 
electrodes are formed on the source and the drain re- 
gions. The gate electrode and the Si body region are 
connected by the contact, and thus a HDTMOS struc- 
ture can be obtained. 

[0124] Using this producing method, a high perform- 
ance CMOS device using HDTMOS can be produced in 
a simple method. 

[01 25] In this embodiment, the channel region is con- 
stituted by SiGe, but may be constituted by Si.,. x _ y Ge x C y 
having a C (carbon) content of 0.01 %to 2% (e.g., about 
0.1%). For the SiGe crystal, ion implantation tends to 
cause an undesirable change in the crystal structure. 
However, the undesirable change in the crystal structure 
due to ion implantation can be suppressed by constitut- 
ing the channel region by Si 10( . y Ge x C y . 
[0126] Figure 23 is a cross-sectional view of a com- 
plementary HDTMOS of a variation of this embodiment, 
where the channel region is constituted by Si 1 . x . y Ge x C y . 
A SiGeC film is provided in place of the SiGe film shown 
in Figure 22, and SiGeC channel regions 29 and 69 are 
provided in place of the SiGe channel regions 24 and 
64. The structure of other portions is the same as that 
of the complementary HDTMOS shown in Figure 22. 
[0127] In the structure shown in Figure 22, the chan- 
nel region is constituted by SiGe. Therefore, lattice re- 
laxation of SiGe crystal may be caused to reduce stain 
caused by ion implantation, or diffusion of impurities 
may be increased. However, in the case where the 
channel region is constituted by SiGeC, lattice relaxa- 
tion is suppressed, and the diffusion of impurities is sup- 
pressed. Therefore, an undesirable change in the crys- 
tal structure due to ion implantation can be suppressed. 
This is believed to be because carbon atoms fill atomic 
vacancies that causes the lattice relaxation and the in- 
creased diffusion of impurities. 

[0128] In this variation, it is not necessary for carbon 
atoms to be contained in the channel region, and the 
same effects can be obtained by providing a layer con- 
taining carbon atoms above or below the channel re- 
gion. In particular, in the case where a high concentra- 
tion doped layer is present in the vicinity of the channel 
region, it is preferable to provide a layer containing car- 
bon atoms between the high concentration doped layer 
and the channel region. 

Fourth Embodiment 

[0129] Next, in a fourth embodiment, an example of 
an n-channel type HDTMOS where the channel region 
is constituted by Si^Cy will be described. 



15 



20 



25 



30 



35 



40 



45 



50 



11 



21 



EP 1 102 327 A2 



22 



[0130] Figure 24 is an energy band diagram of a Si/ 
SiGe heterojunction portion. As shown in Figure 24 r 
when the Si/SiGe heterojunction is used, a large band 
offset portion (heterobarrier) is generated in the valence 
band edge, whereas substantially no band offset portion 
(heterobarrier) appears in the conduction band edge. 
For this reason, when forming an n-type channel type 
HDTMOS, it is necessary to form a well at which elec- 
trons are confined by adjusting the impurity concentra- 
tion as in the second embodiment. However, using a 
compound semiconductor other than SiGe makes it 
possible to form a structure in which a band offset por- 
tion (heterobarrier) appears on the side of the conduc- 
tion band edge. 

[0131] Figure 25 is an energy band diagram of a Si/ 
SiC (Si.,. y C y : y = 0.02) heterojunction portion. As 
shown in Figure 25, when the Si/SiC (Si^yCy : y =0.02) 
heterojunction is used, a large band offset portion (het- 
erobarrier) is generated in the conduction band edge. 
With this, an n-channel suitable for confining electrons 
can be formed. 

[0132] Figure 26 is a cross-sectional view of an n- 
channel HDTMOS of this embodiment. As shown in Fig- 
ure 26, the HDTMOS of this embodiment includes a p- 
type Si substrate 110, a buried oxide film 111 formed by 
a method, for example, of implanting oxygen ions to the 
Si substrate, and a semiconductor layer 180 formed on 
the buried oxide film 111. The semiconductor layer 1 80 
includes an upper Si film 1 52 constituting the upper por- 
tion of the SOI substrate, a Si buffer layer 1 53 epitaxially 
grown by a UHV-CVD method on the upper Si film 152, 
a SiC (Si-j.yCy : y = 0.02) film 154 epitaxially grown by 
a UHV-CVD method on the Si buffer layer 153, and a Si 
film 155 epitaxially grown by a UHV-CVD method on the 
SiC film 1 54. Furthermore, the HDTMOS includes a gate 
insulator film 156 made of a silicon oxide film formed on 
the Si film 155, and a gate electrode 157 formed on the 
gate insulatorf ilm 1 56. A source region 1 60a and a drain 
region 160b containing n-type high concentration impu- 
rities are provided in regions on both sides of the gate 
electrode 157 of the semiconductor layer 180, i.e., the 
upper Si film 152, the Si buffer layer 153, the SiC film 
154 and the Si film 155. Furthermore, a Si body region 
162 containing p-type high concentration impurities is 
formed in a region between the source region 160a and 
the drain region 160b of the upper Si film 152. A p Si 
region 163 containing p-type low concentration impuri- 
ties is formed in a region immediately above the Si body 
region 162 of the Si buffer layer 153. A SiC channel re- 
gion 164 containing p-type relatively low concentration 
impurities is formed in a region between the source re- 
gion 160a and the drain region 160b of the SiC film 154. 
A Si cap layer 165 containing p-type low concentration 
impurities is formed in a region immediately below the 
gate insulator film 156 of the Si film 155. Furthermore, 
a contact as a conductor member that electrically con- 
nects the gate electrode 157 and the Si body region 1 62 
is provided. Side walls 167 made of silicon oxide films 



are provided on side faces of the gate electrodes 157. 
[0133] In this example, the buried oxide film 111 is 
about 100nm thick. The upper Si film 152 is about 
1 0Onm th ick. The Si buffer layer 1 53 is about 1 0nm thick. 
5 The SiC film 154 is about 15nm thick. The Si film 155 is 
about 5nm thick. The Si body region 1 62 contains p-type 
impurities (e.g., boron) in a concentration of about 1 x 

1 0 19 atoms • cm -3 by performing ion implantation before 
epitaxial growth of the Si buffer layer 153. The p- Si re- 

io gion 163 contains p-type low concentration impurities 
(e.g., boron). The C content of the SiC channel region 
164 is about 2%, and the SiC channel region 164 con- 
tains p-type low concentration impurities (e.g., boron). 
The Si cap layer 165 contains p-type low concentration 

15 impurities (e.g., boron). The gate insulator film 156 is 
formed by thermally oxidizing the Si film 155. The gate 
electrode 157 is doped with n-type impurities (e.g., ar- 
senic or phosphorus) in a concentration of about 1 x 

10 20 atoms • cm* 3 . 

20 [0134] According to this embodiment, by constituting 
the channel region by Si 1 . y C y (y =0.02 in this embodi- 
ment) having a smaller band gap and a larger electron 
affinity than those of Si, a hetero structure that is advan- 
tageous for electron confine, as shown in Figure 25, can 

25 be obtained. As a result, an n-channel type HDTMOS 
having a Si/SiC heterojunction can be achieved, and in 
addition, the threshold voltage can be equal to that of a 
Si homojunction type DTMOS even if the impurity con- 
centration of the body region is increased. Furthermore, 

30 according to the Si/SiC-HDTMOS of the present inven- 
tion, as in the first and second embodiments, the body 
current lb (gate current) can be suppressed to small, 
and the operating voltage range is extended. 
[0135] Furthermore, as long as the C content does not 

35 exceed about 5%, the lattice constant of Si^yCy consti- 
tuting the channel region is smaller than that of silicon, 
and when Si^yCy layer is epitaxially grown on the Si 
layer, the Si^yCy layer is under a tensile stress. The ten- 
sile stress modulates the band, so that the mobilities of 

40 electrons and holes are improved. Thus, higher speed 
operations of the transistor can be achieved. 
[0136] In the second embodiment, an n-channel type 
HDTMOS has been described where a well that allows 
electron to confined in the conduction band edge in the 

45 Si/SiGe junction portion can be formed by adjusting the 
impurity concentration. Similarly, a well in the valence 
band edge in the Si/SiC junction portion can be formed 
by adjusting the impurity concentration. Utilizing this Si/ 
SiC heterojunction portion, it is possible to form p-chan- 

50 nel type HDTMOS where holes travel in the well in the 
valence band edge. 

Fifth embodiment 

55 [0137] Next, in a fifth embodiment, an example of a 
complementary HDTMOS where the channel region is 
constituted by SiGeC (Si^yGexCy) will be described. 
[01 38] Figure 27 is an energy band diagram showing 
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the band structure of a Si/SiGeC heteroj unction portion. 
In the Si/SiGe heteroj unction portion, a band offset por- 
tion (heterobarrier) appears in the valence band edge, 
as shown in Figure 24, which is advantageous for hole 
confine. In Si/SiC heterojunction portion, as shown in 
Figure 25, a band offset portion (heterobarrier) appears 
in the conduction band edge, which is advantageous for 
electron confine. On the other hand, in the Si/SiGeC 
(Si 1 . x .yGe x C y ) heterojunction portion, band offsets (het- 
erobarriers) are formed on both the conduction band 
edge and the valence band edge by adjusting x and y 
for the Ge and C contents. More specifically, with the 
single SiGeC (Si^.yGexCy) layer, an n-channel where 
electrons are confined in the SiGeC layer and travel in 
the SiGeC layer, and a p-channel where holes are con- 
fined in the SiGeC layer and travel in the SiGeC layer 
can be formed. 

[01 39] Figure 28 is a cross-sectional view of the HDT- 
MOS of this embodiment. As shown in Figure 28, the 
HDTMOS of this embodiment includes a p-type Si sub- 
strate 21 0, a buried oxide film 21 1 formed by a method, 
for example, of implanting oxygen ions to the Si sub- 
strate, a semiconductor layer 230 for p-channel type 
HDTMOS (p-DTMOS) formed on the buried oxide film 
211, and a semiconductor layer 280 for an n-channel 
type HDTMOS (n-DTMOS) formed on the buried oxide 
film 211. The semiconductor layers 230 and 280 are 
constituted by identical films formed at the same time. 
[01 40] The semiconductor layers 230 and 280 include 
upper Si films 212 constituting the upper portion of the 
SOI substrate, Si buffer layers 213 that have been epi- 
taxially grown by a UHV-CVD method on the upper Si 
films 212, SiGeC (Si^Ge^y : x = 0.1 , y =0.04) films 
214 that have been epitaxially grown by a UHV-CVD 
method on the Si buffer layers 21 3, and Si films 21 5 that 
have been epitaxially grown by a UHV-CVD method on 
the SiGeC films 214. The buried oxide film 211 is about 
1 0Onm thick. The upper Si film 212 is about 1 0Onm thick. 
The Si buffer layer 213 is about 10nm thick. The SiGeC 
film 214 is about 15nm thick. The Si film 215 is about 
5nm thick. 

[0141] Furthermore, the p-DTMOS includes a gate in- 
sulator film 216 made of a silicon oxide film formed on 
the Si film 215, and a gate electrode 217 formed on the 
gate insulatorf ilm 21 6. A source region 220a and a drain 
region 220b containing p-type high concentration impu- 
rities are provided in regions on both sides of the gate 
electrode 217 of the semiconductor layer 230. Further- 
more, a Si body region 222 containing n-type high con- 
centration (about 1 x 10 19 atoms • cm' 3 ) impurities is 
formed in a region between the source region 220a and 
the drain region 220b of the upper Si film 212. An n Si 
region 223 containing n-type low concentration impuri- 
ties is formed in a region immediately above the Si body 
region 222 of the Si buffer layer 213. A SiGeC channel 
region 224 containing n-type relatively low concentra- 
tion (about 1 x 10 17 atoms • cm- 3 ) impurities is formed 
in a region between the source region 220a and the 



drain region 220b of the SiGeC film 214. A Si cap layer 
225 containing n-type low concentration impurities is 
formed in a region immediately below the gate insulator 
film 216 of the Si film 215. Furthermore, a contact as a 

5 conductor member that electrically connects the gate 
electrode 217 and the Si body region 222 is provided. 
Side walls 227 made of silicon oxide films are provided 
on side faces of the gate electrode 217. 
[0142] The n-DTMOS includes a gate insulator film 

10 256 made of a silicon oxide film formed on the Si film 
215, and a gate electrode 257 formed on the gate insu- 
lator films 256. A source region 260a and a drain region 
260b containing n-type high concentration impurities 
are provided in regions on both sides of the gate elec- 
ts trode 257 of the semiconductor layer 280. Furthermore, 
a Si body region 262 containing p-type high concentra- 
tion (about 1 x 10 19 atoms * cm" 3 ) impurities is formed 
in a region between the source region 260a and the 
drain region 260b of the upper Si film 212. A p Si region 

20 226 containing p-type low concentration impurities is 
formed in a region immediately above the Si body region 
262 of the Si buffer layer 213. A SiGeC channel region 
264 containing p-type relatively low concentration 
(about 1 x 10 17 atoms - cm- 3 ) impurities is formed in a 

25 region between the source region 260a and the drain 
region 260b of the SiGeC film 214. A Si cap layer 265 
containing p-type low concentration impurities is formed 
in a region immediately below the gate insulator film 256 
of the Si film 215. Furthermore, a contact (not shown) 

30 as a conductor member that electrically connects the 
gate electrode 257 and the Si body region 262 is pro- 
vided. Side walls 267 made of silicon oxide films are pro- 
vided on side faces of the gate electrodes 257. 
[0143] Furthermore, interlayer insulator films 290, 

35 contacts 291 in contact with the source and the drain 
regions 220a, 220b, 260a and 260b through the inter- 
layer insulator films 290, and source and drain elec- 
trodes 292 connected to the contacts 291 and extending 
upward from the interlayer insulator films 290 are pro- 

^0 vided on the substrate. 

[0144] In the production process of the complemen- 
tary HDTMOS of this embodiment, the upper Si film, 
which is a part of the SOI substrate, includes an n + Si 
layer (p-DTMOS region) and a p + Si layer (n-DTMOS 

45 region) that have been previously doped with impurities 
in a concentration of about 1 x 1 0 19 atoms • cnr 3 by ion 
implantation before crystal growth. All of the Si buffer 
layer, the SiGeC film, and the Si cap layer epitaxially 
grown by a UHV-CVD method are un doped layers that 

50 are not doped with impurities in the as-grown state. After 
completion of crystal growth of the SiGeC film and the 
Si cap layer, the vicinity of the SiGeC channel region of 
the n-DTMOS region is doped with p-type impurities in 
a concentration of about 1 x 10 17 atoms • crrr 3 by ion 

55 implantation. The vicinity of the SiGeC channel region 
of the p-DTMOS region is doped with n-type impurities 
in a concentration of about 1 x 1 0 17 atoms • crrr 3 by ion 
implantation. Then, the uppermost Si film is subjected 



13 



25 



EP1 102 327 A2 



26 



to thermal oxidization , and the obtained silicon oxide film 
is used as the gate insulator film. Then, an n + type gate 
electrode made of polys i I icon doped with n-type high 
concentration impurities, and a p + type gate electrode 
made of polysilicon doped with p-type high concentra- 
tion impurities are formed on the gate insulator film. 
Thereafter, n + type source and drain regions doped with 
n-type high concentration impurities, and p + type source 
and drain regions doped with p-type high concentration 
impurities are formed on both sides of each gate elec- 
trode. Then, source electrodes and drain electrodes are 
formed on the source and the drain regions. The gate 
electrode and the Si body region are connected by the 
contact, and thus a HDTMOS structure can be obtained. 
[0145] According to this embodiment, by constituting 
the channel region with SiGeC (Si 1 . x . y Ge x C y ),it is pos- 
sible to form an n-channel where electrons are confined 
in the SiGeC layer and travel in the SiGeC layer and a 
p-channel where holes are confined in the SiGeC layer 
and travel in the SiGeC layer with the single SiGeC 
(Si-^.yGejcCy) layer. Thus, a complementary HDTMOS 
having a Si/SiGeC heterojunction can be realized. In this 
case, as described in the first embodiment, in the HDT- 
MOS structure, parasitic channels that are easily gen- 
erated in a MOSFET using the conventional heterojunc- 
tion are hardly formed. Therefore, in the HDTMOS hav- 
ing the channel region constituted by SiGeC, even if the 
band offset value (height of the heterobarrier) is small, 
problems such as reduction in the speed of operations 
of the transistor due to parasitic channels are not 
caused, and thus a high speed transistor having a large 
drive current that utilizes the heterojunction structure 
can be obtained. 

[0146] Using this producing method, a high perform- 
ance complementary HDTMOS can be produced in a 
simple method. 

[0147] In this embodiment, the complementary HDT- 
MOS has been described. However, the present inven- 
tion is not limited to this embodiment, but can be used 
in a semiconductor device including only an n-channel 
HDTMOS or a p-channel HDTMOS having the Si/SiGeC 
heterojunction portion. 

Sixth Embodiment 

[0148] Next, in a sixth embodiment, an example of a 
complementary HDTMOS having a Si/SiGe/SiC heter- 
ojunction will be described. In this embodiment, the 
channel region for p-channel is constituted by a Si/SiGe 
heterojunction portion, and the channel region for n- 
channel is constituted by a SiGe/SiC heterojunction por- 
tion. 

[01 49] Figure 29 is an energy band diagram showing 
the band structure of a Si/SiGe/SiC heterojunction por- 
tion. As shown in Figure 29, in the Si/SiGe heterojunc- 
tion portion, a large band offset portion (heterobarrier) 
is formed in the valence band edge, and therefore a 
SiGe layer can be utilized as a channel region for p- 



channel. On the other hand, in SiGe/SiC heterojunction 
portion, a large band offset portion (heterobarrier) is 
formed in the conduction band edge, and therefore a 
SiC layer can be utilized as a channel region for n-chan- 

s nel. Thus, by using the heterojunction structure that al- 
lows the highest band offset value (height of the hetero- 
barrier) for each of electrons and holes, the character- 
istics of the heterojunction can be exhibited to full extent 
for both n-channel and p-channel. 

10 [01 50] Figure 30 is a cross-sectional view of the com- 
plementary HDTMOS of this embodiment. As shown in 
Figure 30, the HDTMOS of this embodiment includes a 
p-type Si substrate 310, a buried oxide film 311 formed 
by a method, for example, of implanting oxygen ions to 

15 the Si substrate, a semiconductor layer 330 for p-chan- 
nel type HDTMOS (p-DTMOS) formed'on the buried ox- 
ide film 311, and a semiconductor layer 380 for an n- 
channel type HDTMOS (n-DTMOS) formed on the bur- 
ied oxide film 311. The semiconductor layers 330 and 

20 380 are constituted by identical films formed at the same 
time. 

[0151] The semiconductor layers 330 and 380 include 
upper Si films 312 constituting the upper portion of the 
SOI substrate, Si buffer layers 313 that have been epi- 

25 taxially grown by a UHV-CVD method on the upper Si 
films 312, SiC (Si.,. y C y : y =0.01 5) films 314a that have 
been epitaxially grown by a UHV-CVD method on the Si 
buffer layers 313, SiGe films 314b epitaxially grown by 
a UHV-CVD method on the SiC films 314a and Si films 

30 315 that have been epitaxially grown by a UHV-CVD 
method on the SiGe films 314b. The buried oxide film 
31 1 is about 1 0Onm thick. The upper Si film 31 2 is about 
1 0Onm thick. The Si buffer layer 31 3 is about 1 0n m thick. 
The SiC film 314a is about 15nm thick, and the SiGe 

35 film 314b is about 15nm thick. The Si film 315 is about 
5nm thick. 

[0152] Furthermore, the p-DTMOS includes a gate in- 
sulator film 316 made of a silicon oxide film formed on 
the Si film 31 5, and a gate electrode 317 formed on the 

40 gate insulator film 316. A source region 320a and a drain 
region 320b containing p-type high concentration impu- 
rities are provided in regions on both sides of the gate 
electrode 317 of the semiconductor layer 330. Further- 
more, a Si body region 322 containing n-type high con- 

« centration (about 1 x 10 19 atoms • crrr 3 ) impurities is 
formed in a region between the source region 320a and 
the drain region 320b of the upper Si film 312. An n - Si 
region 323 containing n-type low concentration impuri- 
ties is formed in a region immediately above the Si body 

so region 322 of the Si buffer layer 313. A SiC channel re- 
gion 324a and a SiGe channel region 324b containing 
n-type relatively low concentration (about 1 x 10 17 at- 
oms • cm" 3 ) impurities are formed in a region between 
the source region 320a and the drain region 320b of the 

55 SiGe film 314a and the SiC film 314b. A Si cap layer 
325 containing n-type low concentration impurities is 
formed in a region immediately below the gate insulator 
film 316 of the Si film 315. Furthermore, a contact (not 
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shown) as a conductor member that electrically con- 
nects the gate electrode 317 and the Si body region 322 
is provided. Side walls 327 made of silicon oxide films 
are provided on side faces of the gate electrode 317. 
[0153] The n-DTMOS includes a gate insulator film 
356 made of a silicon oxide film formed on the Si film 
315, and a gate electrode 357 formed on the gate insu- 
lator films 356. A source region 360a and a drain region 
360b containing n-type high concentration impurities 
are provided in regions on both sides of the gate elec- 
trode 357 of the semiconductor layer 380. Furthermore, 
a Si body region 362 containing p-type high concentra- 
tion (about 1 x 10 19 atoms - crrr 3 ) impurities is formed 
in a region between the source region 360a and the 
drain region 360b of the upper Si film 31 2. A p" Si region 
326 containing p-type low concentration impurities is 
formed in a region immediately above the Si body region 
362 of the Si buffer layer 31 3. A SiC channel region 324a 
and a SiGe channel region 324b containing p-type rel- 
atively low concentration (about 1 x 10 17 atoms cm -3 ) 
impurities are formed in a region between the source 
region 360a and the drain region 360b of the SiGe film 
31 4a and the SiC film 31 4b. A Si cap layer 365 contain- 
ing p-type low concentration impurities is formed in a 
region immediately below the gate insulator film 356 of 
the Si film 315. Furthermore, a contact (not shown) as 
a conductor member that electrically connects the gate 
electrode 357 and the Si body region 362 is provided. 
Side walls 367 made of silicon oxide films are provided 
on side faces of the gate electrodes 357. 
[0154] Furthermore, interlayer insulator films 390, 
contacts 391 in contact with the source and the drain 
regions 320a, 320b, 360a and 360b through the inter- 
layer insulator films 390, and source and drain elec- 
trodes 392 connected to the contacts 391 and extending 
upward from the interlayer insulator films 390 are pro- 
vided on the substrate. 

[0155] In the production process of the complemen- 
tary HDTMOS of this embodiment, the upper Si film, 
which is a part of the SOI substrate, includes an n + Si 
layer (p-DTMOS region) and a p + Si layer (n-DTMOS 
region) that have been previously doped with impurities 
in a concentration of about 1 x 1 0 19 atoms • cm" 3 by ion 
implantation before crystal growth. All of the Si buffer 
layer, the SiC film, the SiGe film, and the Si cap layer 
that are epitaxially grown by a UHV-CVD method are 
undoped layers that are not doped with impurities in the 
as-grown state. After completion of crystal growth of the 
SiC film, the SiGe film and the Si cap layer, the vicinity 
of the channel region of the n-DTMOS region is doped 
with p-type impurities in a concentration of about 1 x 
1 0 17 atoms • cm- 3 by ion implantation. The vicinity of the 
channel region of the p-DTMOS region is doped with n- 
type impurities in a concentration of about 1 x 10 17 at- 
oms • cm -3 by ion implantation. Then, the uppermost Si 
cap layer is subjected to thermal oxidization, and the ob- 
tained silicon oxide film is used as the gate insulator film. 
Then, an n + type gate electrode made of polysiiicon 



doped with n-type high concentration impurities, and a 
p + type gate electrode made of polysiiicon doped with 
p-type high concentration impurities are formed on the 
gate insulator film. Thereafter, n + type source and drain 

s regions doped with n-type high concentration impurities, 
and p + type source and drain regions doped with p-type 
high concentration impurities are formed on both sides 
of each gate electrode. Then, source electrodes and 
drain electrodes are formed on the source and the drain 

10 regions. The gate electrode and the Si body region are 
connected by the contact, and thus a DTMOS structure 
can be obtained. 

[0156] According to this embodiment, by constituting 
the channel region with Si/SiGe/SiC heterojunction por- 

15 tion, the SiGe layer close to the Si/SiGe heterojunction 
portion where a large band offset (heterobarrier) is 
formed on the valence band edge can be utilized as the 
channel region forp-channel, and the SiC layer close to 
the SiGe/SiC heterojunction portion where a large band 

20 offset (heterobarrier) is formed on the conduction band 
edge can be utilized as the channel region for n-channel. 
Thus, by using the heterojunction structure that allows 
the highest band offset value (height of the heterobarri- 
er) for each of electrons and holes, the characteristics 

25 of the heterojunction can be exhibited to full extent for 
both n-channel and p-channel. In this case, as de- 
scribed in the first embodiment, in the HDTMOS struc- 
ture, parasitic channels that are easily generated in a 
MOSFET using the conventional heterojunction are 

30 hardly formed. Therefore, in the HDTMOS having the 
channel region constituted by SiGe and SiC, even if the 
band offset value (height of the heterobarrier) is small, 
problems such as reduction in the speed of operations 
of the transistor due to parasitic channels are not 

35 caused, and thus a high speed transistor having a large 
drive current that utilizes the heterojunction structure 
can be obtained. 

[0157] Furthermore, by using the producing method 
as described above, a high performance complementa- 
40 ry DTMOS having a heterojunction can be formed in a 
simple method. 

[0158] Figure 31 is an energy band diagram showing 
the band structure of a complementary HDTMOS of a 
variation of this embodiment having a Si/SiGe junction 
45 portion and a Si/SiC junction portion. In this case, a Si 
film is present between the SiC film 314a and the SiGe 
film 314b in the structure shown in Figure 30. Such a 
structure allows the advantages of this embodiment to 
be exhibited as well. 

50 

Seventh Embodiment 

[01 59] Next, in a seventh embodiment, an example of 
a complementary hetero CMOS device using a hetero- 
55 barrier of a Si/SiGe junction portion for p-channel, and 
a band offset by adjustment of the impurity concentra- 
tion of the Si/SiGe junction portion for n-channel will be 
described. In this embodiment, it is assumed that the 
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gate electrode and the body region are not connected 
and this embodiment has a regular MISFET structure. 
[0160] Figure 32 is a cross-sectional view of the 
CMOS device of this embodiment. As shown in Figure 
32, the CMOS of this embodiment includes a p-type Si 
substrate 410, a semiconductor layer 430 for a p-chan- 
nel type MOSFET (p-MOSFET) and a semiconductor 
layer 480 for an n-channel type MOSFET (n-MOSFET) 
formed on the Si substrate 410. The semiconductor lay- 
ers 430 and 480 are constituted by identical films formed 
at the same time. 

[01 61 ] The semiconductor layers 430 and 480 include 
upper Si layer 41 2 in an upper portion of the Si substrate 
410, Si buffer layers 413 that have been epitaxially 
grown by aUHV-CVD method on the upper Si layer 41 2, 
SiGe films 414 that have been epitaxially grown by a 
UHV-CVD method on the Si buffer layers 413, and Si 
films 415 that have been epitaxially grown by a UHV- 
CVD method on the SiGe films 414. The upper Si layer 
41 2 is about 50nm thick. The Si buffer layer 41 3 is about 
1 0nm thick. The SiGe film 41 4 is about 1 5nm thick. The 
Si film 415 is about 5nm thick. 

[0162] Furthermore, the p-MOSFET includes a gate 
insulator film 416 made of a silicon oxide film formed on 
the Si film 415, and a gate electrode 417 formed on the 
gate insulatorfilm 41 6. A source region 420a and a drain 
region 420b containing p-type high concentration impu- 
rities are provided in regions on both sides of the gate 
electrode 417 of the semiconductor layer 430. Further- 
more, a Si body region 422 containing n-type high con- 
centration (about 1x10 19 atoms • cm" 3 ) impurities is 
formed in a region between the source region 420a and 
the drain region 420b of the upper Si film 412. An m Si 
region 423 containing n-type low concentration impuri- 
ties is formed in a region immediately above the Si body 
region 422 of the Si buffer layer 413. A SiGe channel 
region 424 containing n-type relatively low concentra- 
tion (about 1 x 10 17 atoms ■ cm" 3 ) impurities are formed 
in a region between the source region 420a and the 
drain region 420b of the SiGe film 414. A Si cap layer 
425 containing n-type low concentration impurities is 
formed in a region immediately below the gate insulator 
film 416 of the Si film 415. Furthermore, side walls 427 
made of silicon oxide films are provided on side faces 
of the gate electrode 417. 

[0163] The n-MOS device includes a gate insulator 
film 456 made of a silicon oxide film formed on the Si 
film 415, and a gate electrode 457 formed on the gate 
insulator films 456. A source region 460a and a drain 
region 460b containing n-type high concentration impu- 
rities are provided in regions on both sides of the gate 
electrode 457 of the semiconductor layer 480. Further- 
more, a Si body region 462 containing p-type high con- 
centration (about 1 x 10 19 atoms • cm* 3 ) impurities is 
formed in a region between the source region 460a and 
the drain region 460b of the upper Si film 412. A p Si 
region 426 containing p-type low concentration impuri- 
ties is formed in a region immediately above the Si body 



region 462 of the Si buffer layer 413. A SiGe channel 
region 464 containing p-type relatively low concentra- 
tion (about 1 x 1 0 17 atoms • cm -3 ) impurities are formed 
in a region between the source region 460a and the 
5 drain region 460b of the SiGe film 414. A Si cap layer 
465 containing p-type low concentration impurities is 
formed in a region immediately below the gate insulator 
film 456 of the Si film 41 5. Side wal Is 467 made of silicon 
oxide films are provided on side faces of the gate elec- 
trodes 457. 

[0164] Furthermore, interlayer insulator films 490, 
contacts 491 in contact with the source and the drain 
regions 420a, 420b, 460a and 460b through the inter- 
layer insulator films 490, and source and drain elec- 
trodes 492 connected to the contacts 491 and extending 
upward from the interlayer insulator films 490 are pro- 
vided on the substrate. Furthermore, a trench separa- 
tion 493 for separating the semiconductor layers 430 
and 480 from each other is provided. 
[0165] Figures 33A and 33B are energy band dia- 
grams showing the band structures of a Si/SiGe heter- 
ojunction portion for p-channel and a Si/SiGe hetero- 
junction portion for n-channel, respectively. As shown in 
Figure 33A, in the Si/SiGe heteroju notion portion for p- 
channel, in general, a band offset (heterobarrier) ap- 
pears mainly in the valence band edge, which is advan- 
tageous for hole confine. On the other hand, as shown 
in Figure 33B, in the Si/SiGe heterojunction portion 
where a band offset is formed mainly in the valence 
band edge as well, a well for potentials due to the leap 
of the band is generated in the conduction band edge. 
Therefore it is possible to confine electrons in the SiGe 
channel region 464. Thus, by utilizing the Si/SiGe junc- 
tion, an n-channel where electrons are confined in the 
SiGe layer and travel in the SiGe layer and a p-channel 
where holes are confined in the SiGe layer and travel in 
the SiGe layer can be formed. 

[0166] In the production process of the complemen- 
tary MOS of this embodiment, the upper Si film, which 
is a part of the Si substrate, includes an n + Si layer (p- 
MOSFET region) and a p + Si layer (n-MOSFET region) 
that have been previously doped with impurities in a 
concentration of about 1 x 1 0 19 atoms • cm* 3 by ion im- 
plantation before crystal growth. The trench separation 
493 for separating the p-MOSFET region and the n- 
MOSFET region is protruded above from the surface of 
the substrate. All of the Si buffer layer, the SiGe film, 
and the Si cap layer epitaxially grown by a UHV-CVD 
method thereafter are undoped layers that are not 
doped with impurities in the as-grown state. After com- 
pletion of crystal growth of the SiGe film and the Si cap 
layer, the vicinity of the SiGe channel region of the n- 
MOSFET region is doped with p-type impurities in a con- 
centration of about 1 X 10 17 atoms • cm* 3 by ion implan- 
tation. The vicinity of the SiGe channel region of the p- 
MOSFET region is doped with n-type impurities in a con- 
centration of about 1 x 1 0 17 atoms • cm" 3 by ion implan- 
tation. Then, the uppermost Si cap layer is subjected to 
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thermal oxidization, and the obtained silicon oxide film 
is used as the gate insulator film, and a gate electrode 
made of polysilicon containing high concentration impu- 
rities is formed on the gate insulator film. Thereafter, p + 
type source and drain regions doped with p-type high 
concentration impurities, and n + type source and drain 
regions doped with n-type high concentration impurities 
are formed on both sides of each gate electrode. Fur- 
thermore, an interlayer insulator, a contact, and source 
and drain electrodes are formed. 
[0167] According to the CMOS device having the Si/ 
SiGe junction portion of this embodiment, when a p-type 
impurity concentration is introduced to a Si/SiGe junc- 
tion portion, a well that is advantages for confining elec- 
trons in the conduction band edge is formed. In view of 
this fact, the Si/SiGe junction is used so that an n-MOS- 
FETthat allows high speed operations and has a large 
drive current can be obtained. In addition, providing this 
n-MOSFET on the Si substrate common to the conven- 
tionally known p-MOSFET having Si/SiGe junction por- 
tion, a CMOS device including n-MOSFET and p-MOS- 
FET that allow high speed operations and have large 
drive current can be obtained. 

[0168] The SiGe channel region can be replaced by 
SiGe containing 0.01% to 2% (e.g., about 0.1%) of car- 
bons, namely a SiGeC layer. 

Experimental data 

[0169] Next, data from actual measurement of the 
present invention will be described. 
[01 70] Figure 34A is a graph showing data of the gate 
bias Vg dependence of the drain current Id measured 
with varied Ge contents of the SiGe channel region of 
0%, 10%, 20% and 30%. As shown in Figure 34A, as 
the Ge content is increased, the threshold voltage is de- 
creased with respect to the same gate bias, in compar- 
ison with the conventional Si homojunction type DTMOS 
(see the graph on the far left side in Figure 34A). 
[0171] Figure 34B is a graph showing the gate over- 
drive dependence of the transconductance of the H DT- 
MOS of the present invention and the conventional 
MOS, using the Ge content as the parameter. As shown 
in Figure 34B , the H DTMOS of the present invention sig- 
nificantly improves the transconductance gm in com- 
parison with the conventional MOS. 
[0172] Figure 35A is a graph showing the gate bias 
Vg dependence of the drain current Id measured with 
varied n-type impurity concentration N D for the Si body 
region of 2 x 10 17 cm- 3 , 5 X 10 17 crrr 3 , and 1 x10 18 crrv 3 . 
As shown in Figure 35A, as the impurity concentration 
in the Si body region is increased, the drain current Id 
is decreased with respect to the same gate bias. This is 
believed to be due to an increase of the threshold volt- 
age. 

[0173] Figure 35B is a graph showing data of the gate 
overdrive dependence of the transconductance of the 
H DTMOS of the present invention and the conventional 



MOS. The HDTMOS of the present invention significant- 
ly improves the transconductance gm from the conven- 
tional MOS as in Figure 34B. 

[0174] Figure 36 is a graph showing the correlation 
s between the body effect factor y and the threshold volt- 
age using the Ge content and the impurity concentration 
of the Si body region as the parameters. As shown in 
Figure 36, the present invention can resolve a trade-off 
between the lowering of the threshold voltage and the 
10 increase of the body effect factor y, which is a conven- 
tional problem. 

[0175] On the other hand, in a DTMOS, a larger body 
effect factor y is preferable. The body effect factor y is 
expressed by the following formula: 

15 

y = I AVth 1/ I AVbs I 

where A Vth is the shift amount of the threshold 
20 voltage, and A Vbs is the shift amount of the body- 
source voltage. 

[0176] In a DTMOS, since the body region and the 
gate electrode are electrically connected, when the gate 
voltage is increased, the voltage of the body region is 

25 accordingly increased. When the gate voltage is a pow- 
er supply voltage Vdd, the shift amount of the threshold 
voltage is expressed by: A Vth = y • Vdd. 
[0177] The gate over-drive amount of the convention- 
al MOSFET is expressed by (Vdd - Vth). However, in 

30 the case of the DTMOS, the gate over-drive amount is 
(Vdd - Vth-AVth = Vdd-Vth - y Vdd ), and therefore as y 
is larger, the driving current becomes larger. 
[0178] Referring to Figure 36, in comparison of y be- 
tween a plurality of H DTMOSs having the same Ge con- 

35 tent, the trade-off relationship in the conventional Si ho- 
mojunction type DTMOS can be observed in the HDT- 
MOS. More specifically, the HDTMOS that has a higher 
impurity concentration in the body region has a larger y, 
and the threshold voltage Vth is increased as well. 

40 [01 79] On the other hand, in comparison of y between 
a plurality of H DTMOSs having the same impurity con- 
centration in the body region, as the Ge content of the 
HDTMOS is increased, the threshold voltage is de- 
creased, and y is increased. This is due to the fact that 

45 the SiGe channel is of a buried channel structure. 

[0180] Therefore, the HDTMOS including the SiGe 
channel and having a high impurity concentration N D in 
the body region provides a larger y, even if the threshold 
voltage is substantially the same as that of a Si homo- 

50 junction type DTMOS. This is seen, for example, when 
in Figure 36, the y value at Ge of 30% and N D of 1 x 
10 18 cm* 3 is compared with the y value at Ge of 0% and 
Uq of 2 x 10 17 cm- 3 . 

[0181] Figure 37 is a graph showing the Id, Ib-Vgchar- 
55 acteristics of MOS (data shown by O), Si/SiGe-MOS (a 
Ge content of 30%) (data shown by • ), Si homojunction 
type DTMOS (data shown by Q, and Si/SiGe-HDTMOS 
(a Ge content of 30%)(data shown by ■). The impurity 
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concentration in the body region in the MOS and the Si 
homoju notion type DTMOS is 2 x 1 0 17 cm* 3 , and the im- 
purity concentration in the body region in the Si/SiGe- 
MOS and the Si/SiGe-HDTMOS is 1 x 10 18 cnr 3 . As 
shown in the portion pointed by the arrow in Figure 37, 
when Si homoj unction type DTMOS (data shown by Q 
is compared with Si/SiGe-HDTMOS (data shown by ■), 
Si/SiGe-HDTMOS has a larger drain current Id in the 
range in which the gate voltage is an operating voltage. 
[0182] Figure 38 is a graph showing the Id-Vd char- 
acteristics of the Si homoj unction type DTMOS (data 
shown by □) and the Si/SiGe-HDTMOS (a Ge content 
of 30%) (data shown by B)in detail. As shown in Figure 
38, when the Si homojunction type DTMOS (data shown 
by Q and the Si/SiGe-HDTMOS (data shown by B)are 
compared, the Si/SiGe-HDTMOS has a larger drain cur- 
rent Id when the (Vg-Vt (Vth)) of the former and the latter 
is the same value. 

[0183] Figure 39 is a graph showing the gate length 
dependence of threshold voltage of the Si homojunction 
type DTMOS (data shown by □) and the Si/SiGe-HDT- 
MOS (a Ge content of 30%) (data shown by ■ )in detail. 
As shown in Figure 39, the Si/SiGe-HDTMOS (data 
shown by B)has the threshold voltage Vth maintained 
higher than that of the Si homojunction type DTMOS 
(data shown by □) in the range in which the gate length 
is 0.5u.m or less. Thus, the resistance against the short 
channel effect is improved in the Si/SiGe-HDTMOS. 

Eighth Embodiment 

[0184] In the first to sixth embodiments, the band gap 
difference between the Si layer and the SiGe layer or 
the SiGeC layer is focused so as to lower the threshold 
voltage. In this embodiment, the potential difference at 
the band edge where carriers travel that is generated 
between the Si layer under strain and the SiGe layer 
with a relaxed lattice strain is focused so as to lower the 
threshold voltage and raise the driving current. 
[0185] Figure 40 is a cross-sectional view of a HDT- 
MOS functioning as an n-channel type transistor in this 
embodiment. As shown in Figure 40, the HDTMOS of 
this embodiment includes a p-type Si substrate 510, a 
gradient SiGe film 513 epitaxially grown by a UHV-CVD 
method on the Si substrate 510, a relaxed SiGe film 51 4 
in which the lattice strain is relaxed that is epitaxially 
grown by a UHV-CVD method on the gradient SiGe film 
513, and a Si film 515 under tensile strain that is epitax- 
ially grown by a UHV-CVD method on the relaxed SiGe 
film 514. The HDTMOS further includes a gate insulator 
film 516 made of a silicon oxide film provided on the Si 
film 515 and a gate electrode 517 provided on the gate 
insulator film 516. A source region 520a and a drain re- 
gion 520b containing n-type high concentration impuri- 
ties are provided in regions on both sides of the gate 
electrode 517 of the relaxed SiGe film 514 and the Si 
film 51 5. A SiGe body region 524 containing p-type high 
concentration impurities are provided in a region be- 



tween the source region 520a and the drain region 520b 
of the relaxed SiGe film 514. A Si channel region 525 
(n-channel) where light electrons having small effective 
mass travel at a high mobility out of degeneration by be- 

5 ing under tensile strain is provided in a region between 
the source region 520a and the drain region 520b of the 
Si film 515. A contact 526 that is a conductive member 
electrically connected to the gate electrode 517 and the 
relaxed SiGe body region 524. 

10 [0186] The gradient SiGe film 51 3 has a gradient com- 
position of a Ge content of 0% at the lower end and 30% 
at the upper end. The relaxed SiGe film 514 has a uni- 
form composition of a Ge content of 30%. The thickness 
of the relaxed SiGe film 514 is more than the critical 

15 thickness at which the lattice strain is relaxed, for exam- 
ple 2u.m, and the thickness of the Si film 515 is about 
20nm. P-type impurities (e.g., boron) in a concentration 
of about 1 x 10 19 atoms- cm -3 are introduced to the SiGe 
body region 524 by ion implantation. An upper portion 

20 of the gradient SiGe film 51 3 contains impurities diffused 
from the SiGe body region 524, and the source region 
520a and the drain region 520b in a low concentration. 
On the other hand, a lower portion of the gradient SiGe 
film 513 is an undoped layer. The Si channel region 525 

25 contains p-type low concentration impurities (e.g., bo- 
ron). However, the Si channel region 525 may be an un- 
doped layer. The gate insulator film 516 is formed by 
thermally oxidizing the Si film 515. The gate electrode 
517 is doped with n-type impurities (e.g., arsenic or 

30 phosphorus) in a concentration of about 1 x 1 0 20 atoms 
• com -3 . Side walls 527 made of silicon oxide films are 
provided on the sides of the gate electrode 517. 
[01 87] Figure 41 is an energy band diagram showing 
the band structure across the body region 524 made of 

35 the relaxed SiGe film, and the Si channel region 525 
made of the Si film under strain. As shown in Figure 41 , 
the potential at the conduction band edge of the Si chan- 
nel region 525 is lower than the potential of the conduc- 
tion band edge of the body region 524. Therefore, the 

40 threshold at the n-channel where the carriers are elec- 
trons is decreased. 

[0188] In this embodiment, in the n-channel, the po- 
tential at the conduction band edge, which is a band 
edge where carriers travel, is made smaller than that of 

45 the body region. In the p-type channel, the valence band 
edge, which is a band edge where the carriers travel, is 
made smaller than that of the body region (i.e., the en- 
ergy level is made high). This makes it possible to lower 
the threshold voltage while suppressing generation of 

so parasitic channels. 

[0189] Figure 42 is a cross-sectional view of a HDT- 
MOS in a variation of this embodiment. As shown in Fig- 
ure 42, the HDTMOS of this variation includes a p-type 
Si substrate 510, a gradient SiGe film 513 having the 

55 same structure as in Figure 40, a relaxed SiGe film 514 
provided on the gradient SiGe film 513 and having the 
same structure as in Figure 40, and a Si film 515 under 
tensile strain that is epitaxially grown by the UHV-CVD 
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method on the relaxed SiGe film 514. Then, In this em- 
bodiment, a buried oxide film 511 is formed by oxygen 
ion implantation into the relaxed SiGe film 514, or the 
like. On the Si film under strain, the same structure as 
that shown in Figure 40 is provided. In this variation, the 5 
same effects as those in the eighth embodiment shown 
in Figure 40 can be provided, and in addition, the oper- 
ation speed can be improved by reduction of parasitic 
capacitance. 

[01 90] The invention may be embodied in other forms 10 
without departing from the spirit or essential character- 
istics thereof. The embodiments disclosed in this appli- 
cation are to be considered in all respects as illustrative 
and not limiting. The scope of the invention is indicated 
by the appended claims rather than by the foregoing de- '5 
scription, and all changes which come within the mean- 
ing and range of equivalency of the claims are intended 
to be embraced therein. 



Claims 

1 . A semiconductor device comprising: 

a substrate; 25 
a semiconductor layer provided in a part of the 
substrate; 

a gate insulator film provided on the semicon- 
ductor layer; 

a gate electrode provided on the gate insulator 30 
film; 

source and drain regions of a first conductivity 

type provided in regions on both sides of the 

gate electrode of the semiconductor layer; 

a channel region made of a first semiconductor 35 

provided in a region between the source and 

drain regions of the semiconductor layer; 

a body region made of a second semiconductor 

of a second conductivity type having a larger 

potential for carriers at a band edge where car- *o 

riers travel than that of the first semiconductor, 

provided in a region below the channel region 

of the semiconductor layer; and 

a conductor member for electrically connecting 

the gate electrode and the body region. 45 



4. The semiconductor device according to claim 1 , 

wherein the channel region contains impuri- 
ties in a lower concentration than that of the body 
region by 1/10 or less. 

5. The semiconductor device according to claim 1 , 

wherein the gate electrode is constituted by 
polysilicon or polysilicon germanium containing im- 
purities of the first conductivity type. 

6. The semiconductor device according to claim 1 , 

wherein the first semiconductor constituting 
the channel region contains at least Si as a constit- 
uent element, and 

a portion of the semiconductor layer further in- 
cludes a region for preventing impurities from dif- 
fusing to the channel that contains carbon in a con- 
centration from 0.01% to 2%. 

7. The semiconductor device according to claim 1 , 

wherein the first semiconductor is a semicon- 
ductor containing Si (silicon) and Ge (germanium) 
as constituent elements, and 

the second semiconductor is Si. 

8. The semiconductor device according to claim 7, fur- 
ther comprising a cap layer made of Si, provided 
between the gate insulator film and the channel re- 
gion. 

9. The semiconductor device according to claim 7, 

wherein the source and drain regions are p- 
type source and drain regions, 

the channel region is a channel region for p- 
channel, and 

the body region is an n-type body region. 

10. The semiconductor device according to claim 7, 

wherein the source and drain regions are n- 
type source and drain regions, 

the channel region is a channel region for n- 
channel, and 

the body region is a p-type body region. 



2. The semiconductor device according to claim 1 , fur- 
ther comprising a cap layer made of a semiconduc- 
tor having a larger potential for carriers at a band 
edge where carriers travel than that of the first sem- so 
iconductor, provided in a region between the chan- 
nel region and the gate insulator film of the semi- 
conductor layer. 

3. The semiconductor device according to claim 1 , 55 

wherein at least an uppermost portion of the 
substrate is constituted by an insulator. 



11. The semiconductor device according to claim 9, 
comprising: 

another semiconductor layer provided on the 
substrate; 

another gate insulator film provided on the oth- 
er semiconductor layer; 

another gate electrode provided on the other 
gate insulator film; 

n-type source and drain regions provided in re- 
gions on both sides of the other gate electrode 
of the other semiconductor layer; 
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a channel region for n-channel containing Si 
and Ge as constituent elements, and provided 
in a region between the n-type source and drain 
regions of the other semiconductor layer; 
a p-type body region made of Si provided in a 
region below the channel region for n-channel 
of the other semiconductor layer; and 
another conductor member for electrically con- 
necting the other gate electrode and the p-type 
body region, 

wherein the semiconductor device functions 
as a complementary type device. 

12. The semiconductor device according to claim 1 , 

wherein the first semiconductor is a semicon- 
ductor containing Si and C (carbon) as constituent 
elements, and 

the second semiconductor is Si. 

13. The semiconductor device according to claim 1 , 

wherein the first semiconductor is Si under 
tensile strain, and 

the second semiconductor is SiGe where lat- 
tice strain is relaxed. 

14. The semiconductor device according to claim 12, 
further comprising a cap layer made of Si provided 
between the gate insulator film and the channel re- 
gion. 

15. The semiconductor device according to claim 12, 

wherein the source and drain regions are p- 
type source and drain regions, 

the channel region is a channel region for p- 
channel, and 

the body region is an n-type body region. 

16. The semiconductor device according to claim 12, 

wherein the source and drain regions are n- 
type source and drain regions, 

the channel region is a channel region for n- 
channel, and 

the body region is a p-type body region. 

17. The semiconductor device according to claim 15, 
comprising: 

another semiconductor layer provided on the 
substrate; 

another gate insulator film provided on the oth- 
er semiconductor layer; 
another gate electrode provided on the other 
gate insulator film; 

n-type source and drain regions provided in re- 
gions on both sides of the other gate electrode 



of the other semiconductor layer; 
a channel region for n-channel containing Si 
and C as constituent elements, provided in a 
region between the n-type source and drain re- 

5 gions of the other semiconductor layer; 

a p-type body region made of Si, provided in a 
region below the channel region for n-channel 
of the other semiconductor layer; and 
another conductor member for electrically con- 

10 necting the other gate electrode and the p-type 

body region, 

wherein the semiconductor device functions 
as a complementary type device. 

15 

18. The semiconductor device according to claim 1 , 

wherein the first semiconductor is a semicon- 
ductor containing Si, Ge and C as constituent ele- 
ments, and 

20 the second semiconductor is Si. 

19. The semiconductor device according to claim 18, 
further comprising a cap layer made of Si provided 
between the gate insulator film and the channel re- 

25 gion. 

20. The semiconductor device according to claim 18, 

wherein the source and drain regions are p- 
type source and drain regions, 

30 

the channel region is a channel region for p- 
channel, and 

the body region is an n-type body region. 

35 21. The semiconductor device according to claim 18, 
wherein the source and drain regions are n- 
type source and drain regions, 

the channel region is a channel region for n- 
40 channel, and 

the body region is a p-type body region. 

22. The semiconductor device according to claim 20, 
comprising: 

45 

another semiconductor layer provided on the 
substrate; 

another gate insulator film provided on the oth- 
er semiconductor layer; 
so another gate electrode provided on the other 

gate insulator film; 

n-type source and drain regions provided in re- 
gions on both sides of the other gate electrode 
of the other semiconductor layer; 
55 a channel region for n-channel containing Si, 

Ge and C as constituent elements, provided in 
a region between the n-type source and drain 
regions of the other semiconductor layer; 
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a p-type body region made of Si, provided in a 
region below the channel region of the other 
semiconductor layer; and 
another conductor member for electrically con- 
necting the other gate electrode and the p-type 
body region, 

wherein the semiconductor device functions 
as a complementary type device. 

23. The semiconductor device according to claim 1 , 

wherein the source and drain regions are p- 
type source and drain regions, 

the channel region is a channel region for p- 
channel containing Si and Ge as constituent el- 
ements, and 

the body region is an n-type body region made 
of Si, 

the semiconductor device further comprising: 

a SiC layer containing Si and C as constituent 

elements, provided in contact with either one 

face of an upper face and a lower face of the 

channel region for p-channel; 

another semiconductor layer provided on the 

substrate; 

another gate insulator film provided on the oth- 
er semiconductor layer; 

another gate electrode provided on the other 
gate insulator film; 

n-type source and drain regions provided in re- 
gions on both sides of the other gate electrode 
of the other semiconductor layer; 
a channel region for n-channel containing Si 
and C as constituent elements, provided in a 
region between the n-type source and drain re- 
gions of the other semiconductor layer; 
a SiGe layer containing Si and Ge as constitu- 
ent elements, provided in contact with either 
one face of an upper face and a lower face of 
the channel region for n-channel; 
a p-type body region made of Si, provided in a 
region below the channel region for n-channel 
of the other semiconductor layer; and 
another conductor member for electrically con- 
necting the other gate electrode and the p-type 
body region. 

24. The semiconductor device according to claim 23, 
further comprising; 

a cap layer made of Si provided between the 
gate insulatorfilm and the channel region for p- 
channel; and 

another cap layer made of Si provided between 
the other gate insulatorfilm and the channel re- 
gion for n-channel. 



25. A semiconductor device comprising: 

a substrate; 

a semiconductor layer provided in a part of the 
5 substrate; 

a gate insulatorfilm provided on the semicon- 
ductor layer; 

a gate electrode provided on the gate insulator 
film; 

10 n-type source and drain regions provided in re- 

gions on both sides of the gate electrode of the 
semiconductor layer; 

a channel region for n-channel made of a first 
semiconductor containing Si and Ge as constit- 

15 uent elements and containing p-type impurities, 

provided in a region between the source and 
drain regions of the semiconductor layer; and 
a body region made of a second semiconductor 
containing Si as a constituent element and hav- 

20 ing a larger potential for carriers at a band edge 

where carriers travel than that of the first sem- 
iconductor, and containing p-type impurities, 
provided in a region below the channel region 
of the semiconductor layer. 

25 

26. The semiconductor device according to claim 25, 
further comprising a cap layer containing Si as a 
constituent element and containing p-type impuri- 
ties, provided in a region between the channel re- 

30 gion and the gate insulator film of the semiconduc- 
tor layer. 

27. The semiconductor device according to claim 25, 
further comprising a conductor member for electri- 

35 cally connecting the gate electrode and the body re- 
gion. 

28. The semiconductor device according to claim 25, 

wherein at least an uppermost portion of the 
40 substrate is constituted by an insulator. 

29. The semiconductor device according to claim 25, 

wherein the gate electrode is constituted by 
polysilicon or polysilicon germanium containing im- 
45 purities of the first conductivity. 

30. The semiconductor device according to claim 29, 

wherein the first semiconductor is SiGe, and 
a portion of the semiconductor layer fu rtherin- 
so eludes a region for preventing impurities from dif- 
fusing to the channel that contains carbon in a con- 
centration from 0.01% to 2%. 

31. The semiconductor device according to claim 25, 
55 wherein the first semiconductor is SiGe, and 

the second semiconductor is Si. 

32. The semiconductor device according to claim 31 , 
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comprising: 

another semiconductor layer provided on the 
substrate; 

another gate insulator film provided on the oth- 5 
er semiconductor layer; 
another gate electrode provided on the other 
gate insulator film; 

p-type source and drain regions provided in re- 
gions on both sides of the other gate electrode io 
of the other semiconductor layer; 
a channel region for p-channel made of SiGe 
provided in a region between the p-type source 
and drain regions of the other semiconductor 
layer; and 15 
an n-type body region made of Si containing n- 
type impurities, provided in a region below the 
channel region for p-channel of the semicon- 
ductor layer, 

20 

wherein the semiconductor device functions 
as a complementary type device. 

33. The semiconductor device according to claim 25, 

wherein the first semiconductor is SiGeC, and 2s 
the second semiconductor is Si. 

34. The semiconductor device according to claim 32, 
comprising: 

30 

another semiconductor layer provided on the 
substrate; 

another gate insulator film provided on the oth- 
er semiconductor layer; 

another gate electrode provided on the other 35 
gate insulator film; 

p-type source and drain regions provided in re- 
gions on both sides of the other gate electrode 
of the other semiconductor layer; 
a channel region for p-channel made of SiGeC 40 
containing impurities, provided in a region be- 
tween the p-type source and drain regions of 
the other semiconductor layer; and 
an n-type body region made of Si containing n- 
type impurities, provided In a region below the 45 
channel region for p-channel of the semicon- 
ductor layer, 

wherein the semiconductor device functions 
as a complementary type device. so 
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